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The  Rickenbacker  Air  National  Guard  Base  (RANGE)  is  located  12  miles 
southeast  of  Columbus,  Ohio.  Engineering-Science  (ES)  was  contracted  to  perform  an 
environmental  field  investigation  at  the  Hazardous  Waste  Storage  Area  (HWSA) 
located  on  the  Base.  Portions  of  the  HWSA  have  been  used  over  the  past  39  years  for 
the  storage  of  waste  oils,  waste  fuels,  de-icing  fluid  and  various  solvents  and  cleaners. 
The  materials  stored  at  the  HWSA  were  contained  in  either  storage  drums,  or  in  the 
four  25,000  gallon  underground  storage  tanks  located  at  the  site.  The  purpose  of  the 
field  investigation  was  to  determine  if  the  soil  or  groundwater  beneath  the  site  have 
been  contaminated  due  to  spills  or  leaks  from  the  on-site  storage. 

The  scope  of  work  for  the  field  investigation  consisted  of  surface  soil  sampling,  soil- 
gas  surveying,  hand  and  auger  borings,  installation  of  three  groundwater  monitoring 
wells,  and  aquifer  testing.  Soil  and  groundwater  samples  were  collected  and  analyzed 
for  both  organic  and  inorganic  compounds. 

TTte  findings  of  the  drilling  program  indicate  the  geologic  profile  beneath  the 
HWSA  consists  of  silty  clay  (0-14.5’)  underlain  by  sand  and  gravel  to  the  end  of  boring  at 
20  feet.  The  Base  water  wells  indicate  that  two  aquifers  are  present  in  the  glacial 
material  beneath  the  Base;  a  shallow  (3-35’  below  land  surface)  and  deep  (60-200’  below 
land  surface)  aquifer.  The  depth  to  the  shallow  aquifer  beneath  the  HWSA  is 
approximately  eight  feet  subgrade,  while  the  groundwater  flow  direction  is  to  the  east. 

The  results  of  the  soil  and  groundwater  analyses  are  summarized  below: 

-  Semi-volatile  organic  compounds  (up  to  37.9  mg/kg)  and  abnormally  high 
metal  concentrations  were  detected  in  the  shallow  soils  at  the  site. 

-  Petroleum  hydrocarbons  in  the  form  of  benzene,  ethylbenzene  and  x>'lenes  are 
present  in  the  soil  (MWl;  32.9  mg/kg)  and  groundwater  (MWl:  116  Mg/1) 
beneath  the  site.  The  concentration  of  benzene  (94  Mg/1)  measured  in  the 
groundwater  from  monitoring  well  MWl  exceeded  the  Federal  drinking  water 
Maximum  Contaminant  Level  (MCL)  by  a  factor  of  18.8.  The  areal  extent  of 
the  contamination  has  not  been  defined. 

-  Trichloroethylene  was  detected  in  the  groundwater  collected  from  monitoring 
well  MW3  (44  Mg/1).  This  TCE  concentration  exceeds  the  Federal  drinking 
water  MCL  by  a  factor  of  8.8. 
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-  The  total  metal  concentrations  in  the  groundwater  from  each  of  the  three 
monitoring  wells  exceeded  the  drinking  water  standards  for  arsenic,  cadmium, 
chromium  and  lead.  It  is  not  known  whether  the  metal  concentrations  were 
dissolved  in  the  groundwater  or  present  on  suspended  sediments. 

Additional  investigation  of  the  HWSA  is  necessary  to  define  the  vertical  and 
horizontal  extent  of  volatile  and  semi-volatile  organic  compounds  and  metals  in  the  soil 
and  groundwater.  The  investigation  activities  should  include  surface  soil  sampling,  soil 
sampling  from  borings  and  groundwater  sampling  from  monitoring  wells. 
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The  U.S.  Department  of  Defense  (DOD)  has  initiated  the  Installation  Restoration 
Program  (IRP)  to  identify,  evaluate,  and  remediate  suspected  environmental  problems 
associated  with  past  hazardous  waste  disposal  and  spill  sites  on  DOD  facilities.  The  Air 
National  Guard  (ANG),  through  a  U.S.  Air  Force  (USAF)  interagency  technical  support 
agreement  with  the  U.S.  Department  of  Energy  (DOE),  uses  Martin  Marietta  Energy 
Systems,  Inc.  (MMES)  to  provide  technical  assistance  for  implementation  of  the  ANG 
IRP.  Martin  Marietta  Energy  Systems,  Inc.,  has  been  contracted  by  DOE  to  carry  out 
the  Hazardous  Waste  Remdial  Actions  Program  (HAZWRAP)  at  Air  National  Guard 
Bases.  Engineering-Science  (ES)  as  a  subcontractor  to  HAZWRAP  conducted  the  soil 
and  groundwater  sampling  documented  in  this  report.  Authorization  for  the 
investigation  is  by  General  Order  No.  18B-97387C,  Task  Order  X-15. 

The  Rickenbacker  Air  National  Guard  Base  (RANGB)  is  located  12  miles 
southeast  of  Columbus,  Ohio  and  0.5  miles  east  of  the  Village  of  Lockbourne,  Ohio 
(Figure  2.1).  TTie  Base  was  known  as  Lockbourne  Air  Force  Base  until  1974.  The 
current  size  of  the  Base  is  approximately  2,100  acres.  The  Base  operations  are  managed 
by  the  Ohio  Air  National  Guard.  However,  the  Rickenbacker  Port  Authority  (RPA) 
acquired  a  portion  of  the  Base  in  1982  which  serves  private  aircraft,  and  as  a  base  of 
operations  for  the  Flying  Tigers  air  delivery  service.  The  Flying  Tigers  will  be  leaving 
the  Base  in  the  autumn  of  1989.  At  one  time,  as  many  as  5,000  people  have  worked  on 
the  Base.  Currently,  1,100  people  are  on  the  Base  daily. 

Land  use  adjacent  to  the  Base  is  residential  and  agricultural.  The  houses  and 
apartments  in  the  northwest  corner  of  the  Base,  which  were  formerly  occupied  by  Base 
personnel,  have  been  purchased  by  a  private  developer  and  are  being  rented  and  sold. 
The  Base  and  former  Base  housing  use  water  supplied  from  Base  water  wells. 

North  of  the  Base  lies  open  agricultural  land  with  some  residential  development 
along  Alum  Creek  Drive.  East  of  the  Base  is  agricultural  land  and  residential 
development  along  the  major  roads.  South  of  the  Base  is  the  former  Base  golf  course 
which  is  now  privately-owned,  and  widely  spaced  single-family  homes.  To  the  west  is  the 
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Norfolk  and  Western  and  Chesapeake  and  Ohio  railroad  tracks,  the  abandoned  Ohio 
Canal,  and  the  Village  of  Lockbourne  with  residential  and  light  industrial  development. 

Future  land  use  in  adjacent  areas  will  probably  be  residential  and  light  industrial  as 
the  urban  growth  of  Columbus  extends  to  the  southeast. 

2.2  HAZARDOUS  WASTE  STORAGE  AREA 

The  Hazardous  Waste  Storage  Area  at  the  RANGE  consists  of  Building  560  and  the 
Drum  Storage  Area  to  the  southeast  of  the  building  (Figure  2.2).  Table  2.1  is  a  legend 
for  the  various  utilities  shown  on  the  site  maps.  The  site  had  been  operating  under  and 
interim  hazardous  waste  storage  area  permit  since  1983.  There  are  four,  steel  25,000 
gallon  underground  storage  tanks  (USTs)  beneath  the  site  that  are  approximately  39 
years  old.  Two  of  the  tanks  are  actively  being  used  for  the  storage  of  de-icing  fluid.  The 
two  inactive  tanks  had  previously  been  used  for  the  storage  of  used  oil  and  recyclable 
JP-4  fuel.  Dielectric  fluid  drained  from  transformers  had  also  been  stored  in  the  used 
oil  UST.  It  is  not  known  if  the  fluid  contained  PCBs.  The  used  oil  and  JP-4  fuel  tanks 
became  inactive  in  the  latter  part  of  1988.  Present  contents  of  the  tank  are  unknown. 
The  only  recorded  loss  from  any  of  the  four  tanks  occurred  in  1982  from  a  broken  stand 
pipe.  A  precise  record  of  the  amount  of  waste  released  is  not  available. 

The  Drum  Storage  Area  had  been  used  to  store  drums  containing  liquid  wastes  such 
as  spent  solvents,  cleaning  fluids,  acids  and  paint  strippers.  Dry  wastes  such  as  spent 
desiccants  were  also  stored  in  Building  560.  No  wastes  are  currently  being  stopped  at 
the  site. 
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PURPOSE  AND  SCOPE 

The  purpose  of  the  investigation  at  the  Hazardous  Waste  Storage  Area  was  to 
determine  if  the  soil  or  groundwater  beneath  the  site  have  been  contaminated  due  to 
spills  or  leaks  from  the  on-site  storage.  This  objective  was  accomplished  through  the 
following  investigative  techniques. 


A  soil-gas  survey  was  utilized  as  a  reconnaissance  tool  to  aid  in  the 
placement  of  monitoring  wells. 

Soil  sample's  were  collected  from  the  surface  and  during  monitoring  well 
installation.  Laboratory  analyses  of  the  soil  samples  determined  whether 
contaminants  were  present  in  the  soil. 

Monitoring  wells  were  installed  to  test  for  the  presence  or  absence  of  phase- 
separated  hydrocarbons,  determine  the  direction  of  groundwater  flow,  and  to 
collect  groundwater  samples  for  laboratory  analysis. 

Aquifer  tests  (rising-head  tests)  were  conducted  on  each  of  the  monitoring 
wells  to  determine  the  aquifer  hydraulic  conductivity. 
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FNVIRONMKNTAT.  SETTING 

The  environmental  setting  of  Rickenbacker  ANGB  is  described  in  this  Section  with 
the  primary  emphasis  directed  toward  identifying  features  that  may  affect  the  movement 
of  hazardous  waste  contaminants  off-base. 

4.1  CLIMATE 

The  climate  of  Columbus,  Ohio  is  characterized  as  continental  (Pierce,  1959).  The 
mean  annual  temperature  is  52  “  F.  The  coldest  month  is  January,  while  the  warmest 
month  is  July  with  mean  temperatures  of  30  °  F  and  74  °  F,  respectively.  Mean  annual 
precipitation  is  38  inches  with  October  being  the  driest  and  June  the  wettest  months. 
Net  precipitation  is  calculated  to  be  2.71  inches  per  year  (HMTC,  1987). 

4.2  SOILS 

Soils  mapped  at  the  Base  are  of  the  Kokomo  and  Crosby  Series  (SCS,  1976).  The 
soils  are  characterized  as  deep,  very  poorly  drained,  slowly  to  moderately  slowly, 
permeable  soils  formed  in  glacial  tills  on  uplands.  The  Crosby  series  soils  are  formed  on 
slopes  up  to  6  percent  grade  while  the  Kokomo  series  soils  form  on  gentler,  0-2  percent, 
slopes  on  the  higher  landscape  positions.  The  Crosby  soils  exhibit  permeabilities  of  0.06 
in/hr  (4.23  x  10'^  cm/sec)  in  unleached  horizons.  The  Kokomo  soils  have 
permeabilities  of  0.2  to  2.0  in/hr  (1.4  x  10’^  to  1.4  x  10*^  cm/sec). 

4.3  SURFACE  WATER  HYDROLOGY 

Rickenbacker  ANGB  occupies  the  drainage  divide  between  Big  Walnut  Creek  and 
Walnut  Creek.  Surface  drainage  from  the  Base  is  through  an  extensive  storm  drain 
network  which  includes  corrugated  metal  and  concrete  drainage  pipes  and  open 
drainage  ditches.  All  of  the  surface  water  is  routed  through  oil-water  separators  before 
release  into  surrounding  surface  streams.  Figure  4.1  is  a  map  illustrating  the  boundaries 
of  the  surface  water  drainage  basins  on  the  Base. 
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The  Base  is  located  in  the  Glaciated  Central  Lowlands  Province  just  west  of  the 
Appalachian  Plateau  Province.  The  geology  of  the  area  is  characterized  by  200  feet  (i) 
of  Pleistocene  glacial  outwash  (sand  and  gravel),  and  silty  and  clayey  till  filling  a 
preglacial  bedrock  valley  (Smith  and  Goldthwaite,  1958).  The  bedrock  types  under  the 
mixed  drift  fill  are  Devonian  limestones  and  shales  of  the  Columbus  and  Delaware 
Formations. 

4.5  LOCAL  HYDROGEOLOGY 

The  local  hydrogeology  in  the  vicinity  of  the  Base  was  studied  from  data  collected 
during  the  drilling  operations  of  this  investigation,  and  from  reviewing  local  water  well 
records.  Local  well  records  included  well  logs  from  five  of  the  Base  water  wells,  and 
well  logs  from  eighteen  domestic  wells  located  in  the  vicinity  of  the  Base.  After 
reviewing  the  data  and  records  listed  above,  it  was  determined  that  two  aquifers  are 
present  in  the  glacial  material  beneath  the  Base. 

The  shallow  geology  beneath  the  Base  is  comprised  of  10-20  feet  of  silt  and  clay 
at  the  surface,  underlain  by  intermittent  stringers  and  lenses  of  sand  and  gravel  ranging 
in  thickness  from  1-10  feet.  The  depth  to  the  shallow  aquifer  ranges  from  3-20  feet, 
while  the  depth  to  the  base  of  the  aquifer  ranges  from  30-35  feet.  The  direction  of 
groundwater  flow  in  the  shallow  aquifer  is  affected  by  both  the  Big  Walnut  Creek  to  the 
west  and  the  Walnut  Creek  to  the  east.  The  Base  is  within  a  recharge  area  of  the 
shallow  aquifer  with  groundwater  flow  to  the  west,  south  or  east  depending  on  where 
you  are  located. 

The  geologic  material  separating  the  shallow  and  deep  aquifers  beneath  the  Base 
consists  of  30  to  40  feet  of  silty  clay.  The  deep  aquifer  consists  of  fine-to-medium  sand 
and  gravel  at  a  subsurface  depth  of  approximately  50-60  feet.  The  bottom  of  the  deep 
aquifer  was  defined  in  several  of  the  Base  water  wells  which  encountered  shale  at  an 
approximate  depth  of  200-210  feet  beneath  the  surface. 

4.6  LOCAL  GROUNDWATER  USE 

There  are  seven  water  supply  wells  located  on  the  Base.  Five  of  the  wells  are 
located  in  the  northwest  portion  of  the  Base  and  supply  the  drinking  water  for  ANGB 
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personnel.  Of  the  five  drinking  water  wells,  well  #2  is  no  longer  in  service.  The  depth 
of  the  active  ANGB  drinking  water  wells  ranges  from  201  to  232  feet.  The  wells  are 
screened  in  the  glacial  sands  and  gravels  immediately  above  the  shale  bedrock.  Static 
water  levels  in  the  drinking  water  wells  range  from  36  to  56  feet  below  grade.  The  two 
other  water  wells  located  on  the  Base  are  found  at  the  heating  plant,  and  at  the  golf 
course  clubhouse  in  the  southeast  corner  of  the  Base.  The  heating  plant  well  (RB-7) 
was  screened  in  sand  and  gravel  from  85  to  100  feet  beneath  the  surface,  but  is  no  longer 
in  service.  The  clubhouse  well  (RB-6)  was  screened  in  sand  and  gravel  from  63  to  73 
feet  beneath  the  surface. 

Drillers’  logs  were  obtained  from  the  Ohio  Department  of  Natural  Resources 
(ODNR)  for  domestic  water  wells  in  the  vicinity  of  the  ANGB.  Copies  of  the  drilling 
records  are  submitted  in  Appendix  A.  Figure  4.2  is  a  map  illustrating  the  locations  of 
the  domestic  water  wells,  and  the  five  active  wells  on  the  ANGB.  The  domestic  wells  in 
the  Village  of  Lockbourne  are  not  shown  on  the  map  because  they  are  no  longer  in 
service.  The  Village  currently  receives  water  from  the  Base  water  system.  Table  4.1  lists 
pertinent  well  data  for  those  wells  shown  on  Figure  4.2.  As  shown  in  Table  4.1,  the  local 
domestic  wells  are  screened  at  various  depths  ranging  from  24  to  172  feet. 

4.7  SIGNIFICANCE  OF  ENVIRONMENTAL  SETTING 

The  significance  of  the  environmental  setting  when  dealing  with  potential 
contaminants  is  determining  if  the  setting  will  promote  or  inhibit  the  vertical  and  lateral 
migration  of  contaminants  from  the  source  area.  This  subsection  discusses  how  the 
environmental  setting  at  Rickenbacker  ANGB  will  affect  the  migration  of  contaminants 
on  and  beneath  the  HWSA. 

The  geologic  material  in  the  first  ten  feet  beneath  the  surface  generally  controls 
contaminant  migration.  At  the  HWSA,  the  soils  present  from  0-10  feet  beneath  the 
surface  almost  exclusively  consisted  of  silty  clays.  This  material  has  very  low  vertical  and 
horizontal  permeability,  and  would  thus  inhibit  both  the  vertical  and  horizontal 
migration  of  contaminants.  This  is  significant  in  that  it  vastly  decreases  the  probability 
of  contaminants  spilled  at  the  surface  will  reach  the  groundwater.  However, 
contaminants  released  from  USTs,  will  be  more  likely  to  impact  the  groundwater. 
Groundwater  contamination  is  typically  the  main  mode  of  transport  for  off-site 
migration  of  contaminants. 
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There  are  two  aquifers  beneath  the  Base  as  discussed  in  Section  4.5.  The  shallow 
aquifer  (8-32 '  below  land  surface),  and  the  deep  aquifer  (64’-200’+  below  land  surface). 
As  shown  on  Table  4.1,  the  local  water  supply  wells  are  completed  almost  exclusively  in 
the  deep  aquifer.  As  mentioned,  the  low  permeability  of  the  soil  profile  would  reduce 
the  probability  of  significant  contamination  reaching  the  shallow  aquifer.  Therefore,  the 
probability  of  contaminants  reaching  the  deep  aquifer  would  be  very  low.  However,  the 
deep  aquifer  has  not  been  sampled  at  this  time. 
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FIELD  INVESTIGATION  PROGRAM 

The  field  investigation  program  conducted  at  the  hazardous  waste  storage  area 
consisted  of  several  investigative  techniques.  This  Section  describes  the  methodology 
and  construction  specifications  utilized  during  the  investigation.  The  decontamination 
procedures,  sample  numbering  method,  and  the  sample  packaging,  shipping  and 
handling  techniques  are  described  in  Appendix  B. 

5.1  METHODOLOGY 

5.1.1  Surface  Soil  and  Shallow  Boring  Sampling 

The  purpose  of  surface  soil  and  shallow  boring  sampling  was  to  determine  the 
presence  and  extent  of  contamination  in  the  upper  soil  horizons.  The  shallow  sampling 
methods  were  utilized  to  determine  whether  surface  spills  had  occurred  at  the  site, 
related  to  the  storage  of  drums. 

Surface  soil  samples  were  collected  using  a  stainless  steel  trowel.  Shallow  boring 
samples  were  collected  using  either  a  hand  auger  or  a  driven  split-spoon  sampler.  The 
HB  prefix  was  retained  to  simplify  identification  of  the  samples.  The  shallow  boring 
samples  were  collected  down  to  a  depth  of  four  feet.  Each  four-foot  boring  was  divided 
into  three  discrete-depth  samples  (SSI:  0-1.3’;  SS2;  1.3-2.6’;  SS3:  2.6-3.9’).  Soil  samples 
collected  for  volatile  organic  analysis  were  placed  in  jars  as  quickly  as  possible  to 
minimize  the  loss  of  volatile  organic  compounds.  The  remainder  of  the  sample  was 
thoroughly  mixed  in  a  stainless  steel  bowl  before  filling  the  remaining  sample  jars. 

5.1.2  Soil-Gas  Surveying 

The  soil  gas  survey  was  used  as  a  field  reconnaissance  tool  in  which  shallow  (2-10’ 
deep)  soil  vapor  samples  were  collected  for  immediate  on-site  chemical  analysis  of 
volatile  organic  compounds  which  are  associated  with  surface  and  subsurface  spills  or 
leaks.  The  chemical  analysis  data  were  used  to  construct  contour  maps  of  contaminant 
vapor  concentrations  in  the  unsaturated  zone.  The  contour  maps  then  assisted  in 
planning  field  activities  for  the  placement  of  soil  borings  and  monitoring  wells. 
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The  soil  vapors  were  analyzed  with  a  Photovac  10S50  portable  gas  chromatograph 
(GC)  which  utilizes  a  photoionization  detector  (PID)  with  a  10.6  eV  light  source  and 
isothermal  capillary  column  with  a  precolumn/backflush  configuration.  The  GC  was 
calibrated  with  a  1  ppm  commercially  prepared  mixture  containing  benzene,  toluene  and 
ortho-xylene  (BTX).  These  standard  compounds  were  chosen  since  they  are  commonly 
associated  with  the  reported  spills  and  leaks  at  the  Base.  Because  of  the  screening 
nature  of  the  soil-gas  survey,  only  the  BTX  compounds  were  quantified. 

The  GC  compares  the  response  of  injected  volumes  of  unknown  soil  vapor  samples 
with  the  response  of  the  standard,  and  then  integrates  and  quantitates  the  peak. 

An  electric  hammer  drill  was  used  to  drive  a  3/8  inch,  hollow  stainless  steel  probe 
(perforated  on  the  down-hole  end)  into  the  ground  to  the  desired  sampling  depth.  A 
vacuum  pump  was  then  used  to  draw  soil  vapors  from  the  probe  into  a  vacuum  chamber 
containing  a  1  liter  Tedlar  sample  bag.  Prior  to  collecting  each  sample,  all  probes. 
Teflon  lines  and  stainless  steel  fittings  that  contacted  soil  vapors  were  decontaminated 
by  rinsing  with  methanol  and  purging  the  system  with  compressed  air  for  approximately 
2  minutes. 

A  number  of  QA/QC  procedures  were  followed  during  the  course  of  the  soil  gas 
survey.  Standard  calibration  checks  were  obtained  during  the  initial  and  final  runs  of 
each  day  by  injecting  the  standard  gas  mixture  into  the  GC.  Decontamination 
procedures  were  checked  by  injecting  samples  of  ambient  air  that  were  passed  through 
the  sampling  train  and  needles.  If  contamination  was  detected,  the  decontamination 
process  was  repeated  until  no  contamination  appeared.  These  types  of  blanks  were 
done  prior  to  each  day’s  testing  or  w'hen  significant  amounts  of  compounds  were  noted 
in  a  sample. 

5.1.3  Soil  Borings/Monitoring  Wells 

Three  soil  borings  were  drilled  at  the  site  using  4-inch  ID/6  inch  OD  hollow-stem 
augers.  Split-spoon  samples  were  collected  during  drilling  operations  according  to 
ASTM  method  D-1586.  Soil  samples  were  collected  continuously  during  the  drilling  of 
MWl  and  MW2,  and  at  3.5  foot  intervals  during  the  drilling  of  MW3. 

Soil  samples  were  classified  with  respect  to  type,  by  the  visual-manual  procedure 
(ASTM  D-2488)  noting  mineralogy,  color,  odor,  staining,  etc.  The  samples  were  also 
checked  for  the  presence  of  organic  vapors.  The  test  for  vapors  involved  placing  a 
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portion  of  the  sample,  not  intended  for  volatile  analysis  at  the  laboratory,  in  a  jar, 
sealing  the  jar,  allowing  the  sample  to  equilibrate  for  at  least  five  minutes,  then 
measuring  the  concentration  of  organic  vapors  in  the  headspace  of  the  jar  using  a  meter 
with  a  PID. 

Soil  samples  selected  for  chemical  analysis  for  non-volatile  constituents  were 
removed  from  the  sampler  and  split  among  the  various  containers  for  shipment  to  the 
laboratory.  Samples  for  volatile  analysis  were  placed  in  bottles  as  quickly  as  possible  to 
minimize  volatilation. 

Monitoring  wells  were  installed  in  each  of  the  three  borings  using  two  inch 
diameter,  0.010  inch  slot.  Schedule  40  PVC  well  material.  The  screen  and  casing  have 
threaded  flush  joints  and  a  threaded  bottom  cap.  Ten  feet  of  screen  was  used  in  each 
well  to  allow  for  seasonal  water  level  fluctuations.  The  screen  and  casing  were  installed 
through  the  inside  of  the  augers.  The  annular  space  between  the  screen  and  borehole 
was  filled  with  sand  while  the  augers  were  slowly  withdrawn.  The  sand  pack  extended 
two  feet  above  the  screen  and  a  minimum  two-foot  thick  bentonite  seal  was  placed 
above  the  sand.  The  remaining  annular  space  between  the  casing  and  borehole  was 
filled  with  a  cement/bentonite  grout  mixture.  The  well  construction  was  completed  2-3 
feet  above-grade  utilizing  steel  protective  casing  (six  feet  long)  equipped  with  a  locking 
cap.  The  protective  casing  was  set  into  the  cement  grout  3-4  feet  below  land  surface  and 
a  concrete  pad  (6  inches  thick)  was  placed  around  the  steel  casing.  Three  steel  guard 
posts  were  installed  around  each  monitoring  well  for  well  security.  Each  well  was 
permanently  marked  by  attaching  a  metal  plate  that  records  the  well  number,  drilling 
date,  and  top  of  casing  elevation.  Figure  5.1  is  a  diagram  illustrating  the  typical 
monitoring  well  construction. 

The  wells  were  developed  by  air-lift  pumping  and  bailing  to  remove  the  fine 
sediments  in  the  vicinity  of  the  well-bore.  This  procedure  enhances  the  hydraulic 
connection  between  the  well  and  aquifer.  The  wells  were  developed  until  the 
groundwater  pH  and  conductivity  had  stabilized  to  ±10  percent. 

5.1.4  Groundwater  Sampling 

Each  well  was  purged  prior  to  sampling  to  ensure  that  a  representative 
groundwater  sample  was  obtained.  The  wells  were  purged  by  bailing  until  the  total  well 
water  volume  (TWWV)  had  been  removed,  the  pH,  conductivity-  and  temperature  had 
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stabilized,  or  until  the  well  was  dry.  The  TWWV  includes  water  in  the  screen,  riser  and 
sand  pack.  The  pH,  conductivity,  and  temperature  of  the  water  were  determined  at  least 
three  times  while  purging  the  well. 

The  groundwater  samples  were  collected  with  a  Teflon  bailer  with  a  dedicated 
polypropylene  line.  The  first  sample  withdrawn  was  put  in  a  container  for  volatile 
analysis.  The  remaining  water  was  then  poured  into  other  sample  bottles.  Appropriate 
preservatives  were  added  to  the  sample  bottles  after  sample  collection.  Ail  samples 
were  shipped  overnight  to  an  environmental  laboratory  for  analysis.  Shipping  and 
handling  procedures  are  documented  in  Appendix  B. 

5.1.5  Aquifer  Testing 

In-situ  Hydraulic  conductivity  (permeability)  tests  utilizing  the  rising  head  slug 
test  technique  were  conducted  on  each  monitoring  well.  Water  level  recovery  data  were 
collected  with  a  HERMIT  data  logger  (Model  SE  lOOOB)  connected  to  a  down-well 
pressure  transducer. 

Prior  to  testing,  static  water  levels  were  measured  in  each  monitoring  well  with 
an  electronic  water  level  indicator.  The  transducer  for  the  HERMIT  data  logger  was 
inserted  into  each  well  to  a  depth  of  at  least  5  feet  below  the  static  water  level.  A  PVC 
bailer  (5  ft.  in  length  and  1.5  in.  inside  diameter)  was  then  inserted  and  completely 
submerged  in  the  well  above  the  transducer.  The  water  level  in  the  well  was  allowed  to 
return  to  the  original  static  level. 

Prior  to  initiation  of  the  test,  the  static  water  level  was  remeasured  with  a  water 
level  indicator.  The  water  level  was  entered  into  the  data  logger  as  a  reference  value 
from  which  changes  in  head  over  time  during  the  test  were  measured.  The  data  logger 
was  then  activated  and  the  bailer  containing  water  was  quickly  removed  from  the  well. 

During  the  test,  water  level  changes  in  each  well  were  checked  periodically  with 
an  electronic  water  level  indicator  as  a  means  of  validating  the  transducer  data.  When 
water  levels  in  each  well  approached  the  initial  static  level  (within  0.1  ft.)  recovery  was 
determined  to  be  complete  and  the  test  terminated. 
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Sampling  began  at  this  site  on  14  June  1988  with  the  collection  of  surface  soil  and 
shallow  soil  boring  samples.  The  surface  soil  samples  were  collected  from  the  locations 
identified  on  Figure  5.2  to  identify  possible  contamination  from  drum  spillage.  Adjacent 
samples  were  composited  before  being  contained  and  shipped  to  the  laboratory.  A 
duplicate  of  the  RBl-SUl  &  2-GSl  sample  was  submitted  for  analysis  (Dup# 
RB1-SU17  «fe  18-GSl).  The  surface  soil  samples  were  analyzed  for  herbicides, 
pesticides,  PCBs,  semi-volatile  organics,  and  priority  pollutant  metals. 

Soil  samples  from  shallow  soil  borings  (Figure  5.2)  were  collected  on  14  June  and  6 
July  1988.  Except  for  HB2,  '  B3  and  HB5,  the  samples  were  collected  using  a  hand 
auger  as  described  in  Section  5.1.1.  HB2  and  HB3  were  to  be  composited  due  to  their 
proximity.  However,  because  of  gravelly  soil,  the  auger  could  not  be  advanced  beyond  a 
depth  of  1  ft  in  HB3,  so  only  the  shallow  soil  samples  from  each  boring  were  composited 
and  the  two  deeper  HB2  soil  samples  were  collected.  Sampling  of  HB5  below  two  feet 
was  not  possible  due  to  a  concentration  of  gravel  at  that  depth.  Shallow  soil  boring 
samples  and  monitoring  well  soil  samples  were  analyzed  for  volatile  organics,  semi¬ 
volatile  organics,  PCBs,  pesticides  and  priority  pollutant  metals. 

An  initial  monitoring  well  was  installed  near  HB2  and  HB3  (RBl-MWl,  Figure  5.2) 
on  20  July  1988.  Two  soil  samples  with  the  highest  headspace  PID  response  were 
selected  from  the  well  boring  for  chemical  analysis  (RBl-MWl-SSl,  12-14’  and 
RB1-MW1-SS2,  14-16’). 

A  9  point  soil-gas  survey  was  conducted  in  and  around  the  site  on  25  July  1988. 
Based  on  the  soil-gas  results,  two  additional  monitoring  wells  (MW2  and  MW3,  Figure 
5.2),  were  installed  on  29  July  and  10  August  1988,  respectively.  The  two  soil  samples 
from  each  well  boring  with  the  highest  headspace  PID  response  were  selected  for 
chemical  analysis  (RB1-MW2-SS1,  0-4’;  RB1-MW2-SS3,  4-6’;  RB1-MW3-SS1,  0-2’  and 
RB1-MW3-SS2,  5-7’).  Duplicates  of  samples  RB1-MW2-SS1  (Dup#  RB1-MW2-SS2) 
and  RB1-MW3-SS2  (Dup#  RB1-MW3-SS3)  were  also  submitted  for  analysis. 

The  three  monitoring  wells  were  developed  by  air-lift  pumping  and  bailing.  Fifty 
gallons  of  water  were  removed  from  RBl-MWl  on  8/12/88  using  the  pump.  The  slow 
recovery  of  RB1-MW3  required  hand  bailing  development  rather  than  pumping.  Six 
gallons  of  water  were  removed  over  three  days  (bailed  dry  each  day)  ending  on  8/17/88. 
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Groundwater  samples  were  collected  from  the  monitoring  wells  on  19  and  22 
September  1988.  The  groundwater  was  analyzed  for  the  same  constituents  as  the  well 
boring  soil  samples.  A  duplicate  water  sample  from  RBl-MWl  was  also  submitted  for 
analysis  (Dup  #  RB30-MW1-GW1). 

A  repeat  water  sampling  of  MW3  was  done  on  17  October  1988  to  replace 
samples  contained  in  jars  broken  in  a  laboratory  accident.  The  replacement  samples 
were  analyzed  for  semi-volatile  organics,  pesticides  and  PCBs. 

In-situ  hydraulic  conductivity  tests  were  performed  on  the  wells  on  16,  19  and  20 
September  1988. 
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FINDINGS  OF  INVESTIGATION 

6.1  GEOLOGY /HYDROGEOLOGY 

The  soil  boring  for  RBLMWl  was  drilled  to  a  depth  of  twenty  feet.  The  geologic 
profile  logged  during  drilling  consisted  of  14.5  feet  of  brown,  silty,  clay  with  some  sand 
and  gravel,  underlain  by  gray-to-brown  sand  and  gravel  to  the  end  of  boring.  Headspace 
PID  responses  of  100  to  1,200  ppm  were  measured  in  soil  samples  collected  below  six 
feet,  while  hydrocarbon  odors  were  noted  over  the  same  interval.  RBl-MWl  was 
completed  at  a  depth  of  19  feet  below  grade  with  a  ten  foot  screened  interval  from  9-19 
feet.  The  screened  interval  was  determined  based  on  the  wet  sand  and  gravel  deposits 
logged  at  14.5  feet. 

The  borings  for  RB1-MW2  and  RB1-MW3  encountered  similar  geologic  profiles  as 
logged  in  RBl-MWl.  However,  the  soils  did  not  have  elevated  PID  readings  or  notable 
hydrocarbon  odors.  RB1-MW2  was  completed  at  a  depth  of  15  feet  below  grade,  while 
RB1-MW3  was  set  at  18  feet.  Both  wells  utilized  ten  feet  of  screen.  The  drilling  logs 
and  well  construction  diagrams  are  included  in  Appendix  C. 

Water  levels  in  the  three  wells  betw'een  16  September  1988  and  19  April  1989 
ranged  from  seven  to  ten  feet  below  land  surface  (732-735’  MSL  elevation).  The  aquifer 
is  semi-confined  as  indicated  by  the  water  levels  rising  above  the  wet  sand  and  gravel 
encountered  at  14-15  feet.  Ground  water  flow  beneath  the  site  is  to  the  east  towards 
Walnut  Creek.  Figures  6.1a,  6.1b  and  6.1c  are  maps  showing  the  groundwater  elevations 
and  flow  direction  on  various  dates.  The  water  level  data  and  well  elevations  are 
included  in  Appenduc  D. 

In-situ  testing  of  the  aquifer  from  each  of  the  wells  indicated  that  the  aquifer 
hydraulic  conductivity  (K)  values  vary  significantly  across  the  site.  K  values  ranged  from 
0.009  feet/day  (2.6  x  10'^  cm/sec)  RB1-MW3  to  2.0  feet/day  (5.76  x  10'^  cm/sec)  in 
RBl-MWl  to  9.7  feet/day  (2.9  x  10'^  cm/sec)  in  RB1-MW2.  The  aquifer  test 
calculations  are  exhibited  in  Appendix  E. 
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The  soil-gas  survey  identified  two  areas  of  elevated  BTX  (benzene,  toluene  and 
o-xylene)  concentration.  The  sample  from  SG-1  (Figure  6.2)  contained  the  highest 
concentration  (29.8  ppm),  all  of  which  was  o-xylene.  The  only  other  point  with 
detectable  BTX  was  SB-6  where  the  chromatogram  resembled  a  typical  response  to 
gasoline  contamination.  The  remaining  sampling  points  indicate  that  the  concentration 
of  volatile  organic  contamination  in  the  soil  profile  beneath  the  site  is  very  low.  The 
soil-gas  survey  data  are  included  in  Appendix  F. 

6.3  ANALYTICAL  RESULTS 

The  complete  analytical  results  for  soil  and  water  samples  are  included  in 
Appendbc  H.  A  discussion  on  the  laboratory  quality  assurance  and  quality  control 
results  is  presented  in  Appendbc  I. 

6.3.1  Soil  Results 

Soil  samples  were  collected  from  surface  soils,  hand  borings,  and  during  the 
drilling  of  the  monitoring  wells.  Surface  soil  samples  were  analyzed  for  pesticides, 
PCBs,  herbicides,  semi-volatile  organics  and  priority  pollutant  metals.  Soil  samples 
collected  from  the  hand  borings  and  during  the  drilling  of  the  monitoring  wells  were 
analyzed  for  pesticides,  PCBs,  volatile  and  semi-volatile  organics,  and  priority  pollutant 
metals.  The  soil  analytical  results  are  summarized  in  Table  6.1.  Figures  6.3a,  6.3b  and 
6.3c  are  maps  illustrating  the  soil  contaminants  detected  at  various  depths. 

Several  of  the  surface  soil  samples  collected  contained  high  concentrations  of 
semi-volatile  organics  (coal  tar  components  and  phthalates).  Some  of  these 
concentrations  are  flagged  (J)  due  to  high  spiked  sample  recoveries.  The  values  should 
be  considered  biased  high  although  this  should  not  affect  the  overall  conclusions.  See 
Appendbc  H  for  further  discussion.  In  addition,  several  of  the  samples  contained  lead 
and  zinc  concentrations  that  exceeded  the  typical  values  found  in  Ohio  soils.  Table  6.2 
is  a  summary  of  the  standards  for  metal  concentrations  in  soil  and  groundwater.  No 
concentrations  of  volatile  organics,  pesticides,  PCBs  or  herbicides  were  detected  in  the 
surface  samples. 

The  cadmium  levels  in  the  surface  soil  samples  were  also  elevated,  however,  the 
QA/QC  results  were  not  within  control  limits.  The  accuracy  of  the  results  is  therefore 
questionable.  Additional  samples  should  be  collected  to  verify  the  cadmium  levels. 


908DPC12-37# 


6-5 


TABLE  6.1 


II 


if  ^  jg  ^ 


..  v» 

H  M 
II  i 

ii 


^  O 
U 

ss 

X  « 
UJ  OD 
O 


M  Ul 


Kl 

^  • 
•  rsj 

s 


88'®. 

i  IM 

4 


8 

«*  fi  Kl 
8?-: 
I  ^  I 

85° 

X  * 

8 


88®: 

M  I 


M  ^ 

S»0 


M  *  •“ 

A  So 

A  7 

II  o  ^ 
ft  X  ^ 

It 

u 

H 

ft  K)  «  O* 
M  V»  «  • 
II  VI  •  K> 

I!  5  i 

it7r^ 


ut 

If 

H 

CM 

X 

8'^ 

4" 

X 

II 

It 

H 

X 

5  fA 

M  ^  fO  Kl 
N  VI  «  • 

n  VI  •  ^ 

S  J-  5  o 

n  w 

M  X  • 

N 

fl  w~ 

It 

It 

M 

N 

H  »- 
N  •- 

!S 

N 

M 

II  • 

N  ^ 

II  Ul 


ss  sss; 


3 

"SS 


3 

«  o  o 


3  V  V 
»  O  Kl 


SS! 


o  o  o  o  o  o 


«  X  O) 

o  o  o 
o  o  o 
o  o  o 
o  o  o 

Kl  <M  p 

^  o 


o  o  o 

0X0 

o  o 
w  o 
o 


<  ^ 

o  o  o 

0X0 

o  o 

rsi  o 

««# 


555 

tn  m  m 


o  o  o  O  o  o 

SX  O  Q  X  O 

^  ^  o 

Kl  l/Ntn 

f\t 


o  o  p  p  o  o 
X  X  K  X  X  o 
00  X 


o  o  o  o  n  o 

S*S**g 

^  Oi 


O  O  P  O  o  p 

X  X  X  X  X  9 

Kl  O' 


XV  O  «  V  V 

R'^ssKJesS 


8®:sicsgss 

o 


X**00'O^^KIX 

•  «Xv-(M(SJf>iO 


iSSSSS 

^  *«V  lA  O  ^ 


'•VppOfSICMlA'V 
•  •  •  ^  • 
e  00  CO  ri 


iA«-r\iK^0O0Oin 
•CO****** 
OO  •  OO  X  00  lA 
««  o  «-  rsi  rsi  CO 


000«-‘lA0*«^ 

.  X  X  •  •  •  »  . 

(M  «.»  X  K.  ^ 

••  IM  IM  O 


»0  jg  X  *41  K  O  KJ  VJ 

K  •  ^  flO  IM  O  VMA 
•-  O  ^  IM  fM  00 


inoOIMXOOOv-  II 


*0  O  N»  CM 
IM  •-  IM  ^ 


fAg*VrON*KKlA 

•  *0  X  lA  »•  fM 

O  ^  fM  N. 


X  X  X  X  X  X 

M  M  ^  M  M 
•s.  >*.  ^S.  N»  *«**  'N* 

9  S*  S*  ^  9 

O  O  O  o  o  o 


tv  xxxxxxxx 

-J'N**>,*S*.**n,*S.'S.'V*S. 

*>»00^AK>N»IA*-X 


3< 

X  I 


8 


to 

£ 

4^ 

a, 

9 

c 


!l  I 

^  ^  V  I. 

^  V  — '  X 
«>^  3  C  (0  «>« 

V  X  c  V  X 

Ifsilli 

•  X  >*  • 

o  u-  X  a.  a.  IM 


.4  %j.  - 

*'  6  >■  JE  S  8-3  i  W 

U)fAufiL.E«UC 
—  «-V#XOV—*- 
«D<aUUU-.lXM 


0) 

> 

!o 

«0 

& 

41 

u 

o 

41 

u 

41 


£ 


jv 

s 


M 

I 


41 

u 

X 

(0 

f! 

•C5 

*  C 

II 

U  4^ 
^  ^  ^  IB 

>  K)  lA  4t  4t 


O  O  O 

4t  4t  41 

II 


i: 


y>  3 

iS 

^  «  41 


41  4t  4t 

W  «f)  ' 


(A  to  (A 


■8^ 


9 

Ja 

41 

u 

9 

(A 


3 

to 

4t 


4i^  4>*  *4  g 

to  ^  3 

ti  «i  «  j<  5 

4^  *•*  «4  C  ••* 

888ir 

«4  4>»  4rf  A  Q 

8  8  8^1 

“•  *•  4t  li  X 

<A  E  4-* 


8 

4 

*4 

8 

(0 

I 

k. 

ID 

5 

k 

4 

■o 

1 

X 

to 


41 

k 

O 


k 

4t 


C 


£ 

41 

X 

44 

c 

.1 
44  ' 

•  • 


iM 

o  “* 

£  *0  t 
•"  t  5 
SS  8o 

XU  *  - 

*N» 

X  c 

X  •- 
x: 

■&.? 


£  o  o 

44  44  C 


U  CA 

O  O  O  O  to 

•4*  *•»*•»  to  4f 

IM  fV  Af  M  w 

OO  00  00  « 

-  * 
lA  to  to  C  •— 

44  44  44  ••» 

'i  i  i  12  8 


I 


-II 

IIKi 

(A  4^  44  4rf  44  44 
V  U  U  U  >•  k 

4«  V  V  V  -*  o 

Q  44  44  44  a  & 

o  I  •  •  •  •  X 

. . . 

k.  V  «k  X  «  B  a  ' 


k 
U 

ll 

i" 


Of 

■'T 


«g 

£  u 

44 

«.E 

8-E 

*4^'i 

O  44 

s* 


“SiL 

a  — 

41  «  « 

al!±g 

»  1 


£.2  2 

44  « 

4)  Of  U 

^s:r 


Il8|t 


6-7 


SITE  1  SOIL  AMLYSIS  -  EXTRACT  LIST 
RICKENBACKER  ANGB,  OHIO 


tt  O' 

II  M  a  « 
II  M  4  K) 
II  «  —  • 
H  ^ 

tl  CO  • 
II  X  • 


II  M  «  ^ 
II  M  O  < 
U  iA  •  f>J 
11  •  «>  « 
II  ’«0  3  Kl 
II  CD  ^  * 


II  ^  9  ro 
H  </»  «  • 

II  </>  •  •“ 
II  •  w  • 
II  3  O 
II  <D 
If  S  < 

II  s 


II  (/)  I  R~ 
H  I  w  • 

II  in  3  o 


o  o  o  a  o  o 


mTAo*^iAmcooj 
•-  •  X  ^  r>j 
o 


iniAorgrvicom^ 
^  •  X  ^  Ki  ^  rsj  » 
o 


o  e  Q  o  o  o 


o  o  o  o  o  o 


*4’ir\oomomKi 

•  •  X  •-  nj  R-  fM  00 

00  o 


Ui  OIOIOIOIOIOIGOOII 


OOOOOO  •  ^  oo  Kl  K>  N.  in  ^ 

K>K>KltnK»*0  Q  •  .  •  •Kl  •‘hT  • 

fnmKionmpn  o>oo<  ra 

M  rsi  r>j  iM  Mb 

a 


u  £  £  £ 
oi  S^—  — 

—  X  >.  >. 
X  X 

A-4  41  A-*  I 

«  S  UJ  o 


ox  X 

u  a  &  ^ 

^  c  a 

41  ^  C  tf  9 

w  V  4i  c.  C 

OI  w  £  — r 

4^  3  C  10  X 

<0  X  V  X  C  V  X 

—  1  u  9  C 
O  C  O  X  C  4>  4> 

>  .  3  Q.  41  U  X 

,  —  fC  X  X  • 

*•>  o  u,  X  OL  a.  nj 


ilil 


•■  4^  X  6  S  !i*D  -M  y 

(AVIU^L^&QUC 
-»f-4i«6x04i’-  — 
'i<auuu^xNi 


O  4» 
u  ** 
^  ^  ^  9 

l«OK>K)  t»  4> 


41  4i  41  «  4-4 

W  W  w  3 

^  J3  ^  A 

9  9  9  9 


4^  4>A  E  U  E  O 

VJWiOw*^  4#-^  •*-«) 

3  w  >  -«  4A 

^  w  £  O  • 

9o  V  — 

L.U  C— * 

ggg^t  g?  8- 

8  8  8-b8-  5“  8i 

ac  c 

X  X  **>  41  o 

S  41  41  41  X  XU 

«  «  E<c  X  «<*  **  ^ 

(0  0)  (A  E  ^  X—  C 

w  w  >••3  09 

'PE  X  fix 

4iA^4i.^E8  m  ** 

MIA<0«^X  OO  ••“•*- 

.........  •  4^  4^6  44  X 


.........  •  4^  4^6  44  X 

O  01  X  O  4« 

ooooM  5<.  4F>o 

'<0>0'^0)4l  ^41  .C 

mrurvM-*  _>  C 

OOOOOO  9  *9  0  S  0) 

^  «  fi  y  X'- 

0)  0)  0)  C 


2  £8 

s  i:. 


.S.l.fg2  si-pSg 

--■:?5  8|£-'* 

SSS'**p  (oiAil**- 

</}«44A4^4444  Pjl4lU 

«UUUXt>  Oii'Otf*** 
4«4i4l4l-<'0  3X  X<^ 
Q«rf4-'4«9Q.  W*^44^Q. 

£-g-g-8i£.  ?&8g^ 

8  1  I  I  •  I  X  t  •  <  9  • 

.  •  I  I  •  It  •  I  O  •  • 

i4>  crxno’-ixx30 


6-8 


SITE  1  SOIL  ANALYSIS  -  EXTRACT  LIST 
RtCKENBACKER  ANGB,  OHIO 


;-GS1  SU9«10-6S1  SU1U12-GS1  SU13+U*GS1  SUIS'^IG-GSI  SU17'»18-GS1 

Jun-88  14-Jun-88  U-Jun-M  14-Jun-S8  14-Jun-a8  14-Jun-88 


w  w  w  ^ 

•s  ■‘i:  £- 

8  SiS  io 

&  X  U  O  «. 

«  U 

M  C  C 
x<*-  41  O 

«  X  X  U 

X  X  ^ 

^  w-r  c 

C  X  fix 

C  4-<  (I  -M 
X  O  Q 

c  ^  s 

S  '8 

*o  o  9  (0 

(A  9  u  X  •*> 
w  9  *■*  ffi 

i.  X 

M  — ' 

—  4)  w  a 
—  -r  XI  47  c 
a  w  fr  9  — '  a 
>  a  1  ^  V 
9  u  a  a  9 
xy  a  a  a 

9  a  a 
a  4^  p  9  a  u  a 
ac-  a9^^  — 

^  o  5  ^  x-^ 

8  Cl  — >  *4 .1#  a 

£. 5&8|tg 

o  I  z  I  t  •  9  • 
o  •  M  I  to*'  * 
u.ao'^xxa*  < 


A, 


30 


15 


30 


60 


FEET 

LEGEND". 

BORING  LOCATION 
A  SURFACE  SOIL  SAMPLE 

MONITORING  WELL 

VOC:  VOLATILE  ORGANIC  COMPOUNDS 

SEMI-VOC;  SEMI-VOLATILE  ORGANIC  COMPOUNDS 
ALL  VALUES  IN  MILLIGRAMS/KILLOGRAM  (Mq/Kg) 

nd;  not  detected 

/ 

nt:  not  tested 

NE;  VALUE  DOES  NOT  EXCEED  BACKGROUND 

CRITERIA  IN  OHIO  FARM  SOIL 

concentration 


FIGURE  6.3a 

MAP  OF  SOIL  CONTAMINANTS 

depth:  0-2* 

HAZARDOUS  WASTE  STORAGE  AREA 
RICKENBACKER  AN6B.  OHIO 


3 


ENGINEERING-SCIENCE 


6-11 


30 


15 


LEGEND 

4-  BORING  LOG 

MONITORING 
VOC:  VOLATILE  0! 

SEMI-VOC:  SEMI-VO 
ALL  VALUES  IN  MIL 


nd: 

nt: 

ne: 


NOT  DETECl 


NOT  TESTEC 


VALUE  DOES 
CRITERIA  IN 

concentrat: 


FIGURE 

MAP  OF  SOIL  CC 

depth:  3 

HAZARDOUS  WASTE 
RICKENBACKER 


30  15 


/ 

'  <;> 


S.  V.O  C  \ 


FEET 


LEGEND : 


-4-  BORING  LOCATION 

-4-  MONITORING  WELL 


VOC:  VOLATILE  ORGANIC  COMPOUNDS 


SEMI-VOC:  SEMI-VOLATILE  ORGANIC  COMPOUNDS 
ALL  VALUES  IN  MILLIGRAMS/KILLOGRAM  (Mg/Kg) 
ND:  NOT  DETECTED 

NT:  NOT  TESTED 

NE:  VALUE  DOES  NOT  EXCEED  BACKGROUND 

CRITERIA  IN  OHIO  FARM  SOIL 
CONCENTRATION 


FIGURE  6.3b 


MAP  OF  SOIL  CONTAMINANTS 
depth:  3-5.5' 

HAZARDOUS  WASTE  STORAGE  AREA 
RICKENBACKER  ANGB.  OHIO 
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LEGEND; 


>  MONI* 

VOC:  VOLA 

SEMI-VOC;  S 

ALL  VALUES 

NT;  NOT  T 

N  E ;  VALUE 

CRITE 
CONC 


FIC 

MAP  OF  SOI 
DEF 

HAZARDOUS 

RICKENBA( 


LEGEND: 

MONITORING  WELL 

VOC.  VOLATILE  ORGANIC  COMPOUNDS 
SEMI-VOC.  SEMI-VOLATILE  ORGANIC  COMPOUNDS 
ALL  VALUES  IN  Ml  LL  IGRAMS/KILLOGRAM  (Mg /Kg) 
NT;  NOT  TESTED 

NE:  VALUE  DOES  NOT  EXCEED  BACKGROUND 

CRITERIA  IN  OHIO  FARM  SOIL 
CONCENTRATION 


FIGURE  6.3c 

MAP  OF  SOiL  CONTAMINANTS 

depth:  >  10' 

HAZARDOUS  WASTE  STORAGE  AREA 
RICKENBACKER  ANGB  ,  OHIO 
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ES  engineering-science 


TABLE  6.2 


STANDARDS  FOR  METALS  CONCENTRATIONS  IN 
SOIL  AND  DRINKING  WATER 
RICKENBACKER  ANGB,  OHIO 


Metal 

Typical  Ohio  Soil 
Concentration  Img/kgl 

Federal  Water 
.MCLjjxg/J) 

Antimony 

0-6 

(4) 

— 

(5) 

Arsenic 

5-20 

(4) 

50 

(2) 

Beryllium 

o 

I 

(4) 

— 

(5) 

Cadmium 

0-2.9 

(1) 

10 

(2) 

Chromium 

4-23 

(1) 

50 

(2) 

Copper 

11-37 

(1) 

1000 

(3) 

Lead 

9-39 

(1) 

50 

(2) 

Mercury 

0-0.5 

(4) 

2 

(2) 

Nickel 

9-38 

(1) 

— 

(5) 

Selenium 

o 

• 

o 

(4) 

10 

(2) 

Silver 

0-  1.0 

(4) 

50 

(2) 

Thallium 

0-10 

(4) 

- 

(5) 

Zinc 

47  - 133 

(1) 

5000 

(3) 

1)  Researched  Background  Levels  in  Ohio  Farm  Soils 
(Logan,  T.J.,  Miller,  R.H.,  1983) 

2)  Primary  Drinking  Water  MCL 

3)  Secondary  Drinking  Water  Standard 

4)  ES  Experience  in  Ohio 

5)  No  Data  Available 


908DPC 12-96# 


6-14 


Soil  samples  collected  from  hand  boring  HBl  contained  high  concentrations  (up  to  2,150 
mg/kg)  of  volatile  organic  contaminants  (methylene  chloride,  ethylbenzene  and 
o-xylenes).  The  presence  of  ethylbenzene  and  xylenes  would  indicate  petroleum 
hydrocarbon  contamination.  Semi-volatile  organics,  such  as  coal  tar  components  and 
phthalates,  were  detected  in  HBl,  HB2  and  HB3.  Again,  some  of  these  concentrations 
are  flagged  as  estimated  (J).  See  Appendix  H  for  a  complete  discussion.  Metal 
concentrations  in  the  hand  boring  samples  did  not  exceed  typical  values,  and  no 
pesticides  or  PCBs  were  detected. 

The  soil  samples  collected  during  the  drilling  of  MWl  contained  high  levels  (up  to 
32.9  mg/kg)  of  volatile  petroleum  hydrocarbons  (benzene,  ethylbenzene  and  jtylenes). 
Coal  tar  components  and  phthalates  were  also  detected  in  soil  from  MWl,  as  well  as 
MW2.  The  soil  samples  from  MW3  contained  no  detectable  semi -volatile  organic 
compounds  and  were  not  analyzed  for  VOCs  due  to  exceeding  the  sample  holding  time. 
Metal  concentrations  in  the  well  boring  samples  did  not  exceed  typical  values,  and  no 
pesticides  or  PCBs  were  detected. 

6.3.2  Groundwater  Results 

The  groundwater  samples  collected  from  the  hazardous  waste  storage  area  were 
analyzed  for  pesticides,  PCBs,  volatile  and  semi-volatile  organic  compounds,  and  priority 
pollutant  metals.  Table  6.3  is  a  summary  of  the  groundwater  analytical  results  and  the 
Federal  Drinking  Water  Standards  for  the  compounds  detected. 

The  groundwater  collected  from  MWl  contained  concentrations  of  benzene  (94 
jug/1)  and  xylenes  (20  Mg/O-  The  concentration  of  benzene  exceeded  the  Federal 
maximum  contaminant  level  (MCL)  (5  Mg/1)  by  a  factor  of  18.8.  The  groundwater  from 
MW3  contained  44  Mg/1  of  trichloroethylene  (TCE),  which  exceeds  the  MCL  for  TCE  (5 
Mg/1)  by  a  factor  of  8.8.  The  only  semi-volatile  organic  compounds  detected  in  the 
groundwater  were  Bis(2-ethylhexyl)  phthalate  (24  Mg/1)  in  MW3,  and 

2-Methylnapthalene  (13  Mg/1)  in  the  duplicate  sample  from  MWl.  There  are  no  MCLs 
for  the  semi-volatile  compounds.  No  pesticides  or  PCBs  were  detected  in  the 
groundwater  samples  from  the  three  monitoring  wells. 

The  total  metal  concentrations  in  the  groundwater  samples  from  each  well  exceed 
the  drinking  water  standards  for  ar.senic,  cadmium,  chromium  and  lead.  However,  it  is 
unknown  whether  these  metals  were  dissolved  in  the  groundwater  or  present  on 
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TABLE  6.3 

SITE  1  UATER  ANALVSIS  •  EXTRACT  LIST 
RICKENBACKER  ANGB.  OHIO 
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NOTE:  See  footnote  listing  imnediately  following  the  water  analysis  tables. 


suspended  sediment.  Figure  6.4  is  a  map  illustrating  the  concentration  of  contaminants 
measured  in  the  groundwater  from  the  three  wells  at  the  HWSA. 

In  addition  to  the  dissolved  contaminants  in  the  groundwater,  an  immiscible 
hydrocarbon  sheen  has  been  observed  in  the  water  from  MWl  during  the  monthly 
monitoring  of  the  well. 
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The  conclusions  from  the  field  investigation  are  the  following; 


Semi-volatile  organic  compounds  (up  to  37.9  mg/kg)  and  abnormally  high 
metal  concentrations  were  detected  in  the  shallow  soils  at  the  site. 

Petroleum  hydrocarbons  in  the  form  of  benzene,  ethylbenzene  and  xylenes, 
are  present  in  the  soil  (MWl:  32.9  mg/kg)  and  groundwater  (MWl:  116 
Mg/1)  beneath  the  site.  The  concentration  of  benzene  (94  Mg/1)  measured  in 
the  groundwater  from  MWl  exceeded  the  Federal  MCL  by  a  factor  of  18.8. 
ITie  areal  extent  of  the  contamination  has  not  been  defined. 

Trichloroethylene  (TCE)  was  detected  in  the  groundwater  collected  from 
MW3  (44  Mg/1)-  This  TCE  concentration  exceeds  the  Federal  MCL  by  a 
factor  of  8.8. 

The  total  metal  concentrations  in  the  groundwater  from  each  of  the  three 
monitoring  wells  exceeded  the  drinking  water  standards  for  arsenic, 
cadmium,  chromium  and  lead.  It  is  not  known  whether  the  metal 
concentrations  were  dissolved  in  the  groundwater  or  present  on  suspended 
sediments. 
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SECTION  S  O 
RECOMMENDATIONS 


Additional  investigation  is  needed  at  the  HWSA  to  further  define  the  vertical  and 
horizontal  extent  of  the  contaminants  in  the  soil  and  groundwater.  All  environmental 
samples  collected  should  be  analyzed  for  volatile  and  base-neutral  semi-volatile  organic 
compounds,  and  priority  pollutant  metals.  Groundwater  samples  should  be  tested  for 
both  total  and  dissolved  metals. 

Shallow  soil  sampling  should  be  performed  on  a  grid  system  both  inside  and  outside 
the  fenced  area  to  determine  the  extent  of  surface  soil  contamination.  Additional  soil 
samples  should  be  collected  from  soil  borings  to  determine  the  vertical  extent  of  the  soil 
contamination.  Monitoring  wells  should  be  installed  in  several  locations  to  define  the 
extent  of  the  groundwater  contaminants. 
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WELL  LOG  AND  DRILLING  REPORT 


County  Tranklln 


Owner  Locktourne  A.P.B. 


Township  Hamilton 

Address 


NO- _ SiaZSQ- 


Section  of  Township 


Location  of  property 


In  well  field  center  of  hase  hldg.zone 


CONSTRUCTION  DETAILS 


BAILING  OR  PUMPING  TEST 


Casing  diameter  1 2 "Length  of  casing  ifii  Pumping  rate 


Type  of  sc reeg 0  h n 8 <Agngth  of  screen  20 «  Duration  of  test _ 

Type  of  pump _  Drawdown _ ft.  Late 


_G.P.M. 

Hrs. 


Capacity  of  pump 


450 


Developed  capacity 


Depth  of  pomp  setting 
Date  of  completion _ 


1351 


Static  level  -  depth  to  water  . 


Ft. 


June  20.1959  Pump  installed  hy_ 


WELL  LOG 

SKETCH  SHOWING  LOCATION 

Formation 

From 

To 

N. 

Jlay 

0 

8 

®lay  &  ''ravel 

8 

12 

Gravel  &  Clay 

12 

22 

Clay 

22 

28 

Gravel  &  Clay 

28 

31 

Clay 

31 

60 

Gravel  &  Clay 

60 

70 

Clay 

70 

77 

Sandy  Clay 

77 

95 

W.  E. 

Fine  Sand  &  Clay 

95 

108 

Eard  Pan  ! 

108 

130 

Sandy  Clay 

130 

145 

Sand-some  gravel 

145 

172 

Sand  &  Gravel 

172 

201 

s. 

Drilling  Firm  G.H. Baker 

&  Son 

Inc . 

Date  7-10-59 

Address  Cols  .0  , 

Copied  hy  J  .  c  . 

WELL  LOG  AND  DRILLING  REPORT 


NO.  179975 


_ ^Section  of  Township _ 

Office  of  the  Base  Procurefflent 


Location  of  property 


U/e. 


CONSTRUCTION  DETAILS  •  BAILING  OR  PUMPING  TEST 


Casing  diameter  12 “Length  of  casing  180*Pamplng  rate _ 600 _ 

Type  of  screen  CookLength  of  screen  32  *  Duration  of  test _ 24 _ 

/ 

Type  of  pump  Byron  Jackson  Turhine  Drawdown  16  f t .  Date  8-11-60 
Capacity  of  pumpSOOGPM _  Developed  capacity  500  GPM _ 


G.P.M. 

Ers. 


Depth  of  pomp  setting  145* 
Date  of  completion _ 6-10-60 


Developed  capacity  500  GPM _ 

Static  level  -  depth  to  water  ■*6 _ Ft. 

Pump  installed  hy _ Diehl  Pump  &  Supplj 


WELL  LOG 


Formation 
Top  Soil  &  Clay 
Blue  Clay  &  Bftuldera 
Blue  Clay  &  Boulders 
Good  Gravel  &  ^one  vat 
Muddy  Sand  &  tight  gra 
Good  Sand  &  Gravel 
Hard  Pan, Caked  Sand 
&  Gravel 

^oarse  ^and  &  Gravel 
Fine  Sand, Soae  Gravel 
Muddy  Sand  &  Boulders 
Blue  Clay  &  Gravel 
Fine  Yellow  tight  sand 
Blue  Clay  &  Gravel 
Fine  Sand 

Coarse  Sand  &  Gravel 
Gravel, Sand, Boulders 
Shale 


SKETCH  SHOWING  LOCATION 


C 

i 

0  Inc  Date 

Apr. 10. 1061 

5  Race 


Cin.ll.Dhio 


Copied  hy 


I 

I  County  Pranklin 

I  Owner  L  o  c 


WELL  LOG  AND  DRILLING  REPORT 


Township 


Owner  Lockhourne  A.E.B. 


Eapllton 

Address 


NO. _ 210795 


Section  of  Township 


Location  of  property 


Above  central  heating  plant 


CONSTRUCTION  DETAILS 


BAILING  -OR  PUMPING  TEST 


Casing  diameter  r  u  Length  of  casing_£_5j  Pumping  rate _ 

Type  of  screenjohriaL^gth  of  screen  151  Duration  of  test 


G.P.M. 


Type  of  pump  s  .  P. . ' 

Capacity  of  pump _ 

Depth  of  pump  setting 
Date  of  completion _ 


9-1-59 


Drawdown 


ft .  Date 


Developed  capacity  Above _ 

Static  level  -  depth  to  water _ gj 

Pump  installed  by  US _ 


WELL  LOG 


SKETCH  SHOWING  LOCATION 


Formation 


lop  Soil 
Clay 

Clay  &  Sand 
Sand  &  ^ravel 


Baker  &  Son  Inc 


10-5-59 


WELL  LOG  AND  DRILLING  REPORT 


NO.  210789 


County  Franklin _ Tovnshlp  Hamilton _ Section  of  Township__ 

Owner  Locktourne  A.P.B.  Address 


Location  of  property  New  recreational  tldg.  S.ead  of  'base 


CONSTRUCTION  DETAILS 


BAILING  OR  PUMPING  TEST 


Casing  diameter  6  **  Length  of  casing  64*  Pumping  rate 


120 


Type  of  scre^hnao  J.eDgth  of  screen  10*  Duration  of  test 
Type  of  pump _ _ 


24 


_G.P.M. 

Hrs. 


Capacity  of  pump 


Drawdown  4  1/2  ft .  Date  6-20-59 
Developed  capacity  _ 


Depth  of  pump  setting 
Date  of  completion _ 


Static  level  -  depth  to  water  9 
Pxanp  installed  hy _ US _ 


Ft. 


WELL  LOG 

SKETCH  SHOWING  LOCATION 

Formation 

1 

From 

To 

N. 

Top  Soil 

0 

3 

^lay 

3 

9 

Sand  &  Gravel 

9 

16 

Clay 

16 

22 

W.  E. 

Sand  &  gravel 

22 

73 

^lay 

1 

73 

74 

S. 

[Sr  Son 

■  Lac..,,, 

Date  7-10-59 

Address  Cais.O _ Copied  hy  j  c 
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State  of  Ohio 

DEPARTMENT  OF  NATURAL  RESOURCES 
Division  of  Water 
Columbus,  Ohio 

Section  of  Township 
Township....^f^??r5!^!?!!^r. _ or  Lot  Number . . 


N9  124736 


X  O jp  ‘  *v/-  /  f  Section  of  Township  ^  >4/! 

Count7.....f?..r^:^r5!^::?±r^^ .  Tovmship....^!'.'....:_"r...lr. _ or  Lot  Number . . . _ 

Owner  . Address  . . . 

Location  of  property . . 


CONSTRUCTION  DETAILS 


PUMPING  TEST 


Casing  diameter - .^. . Length  of  casing — _  Pumping  rate . — G.P.M.  Duration  of  test. . _...hrf 

Type  of  screen . Length  of  screen -  Drawdown _ _ _ 3. _ ft.  Date _ _ 

Type  of  pump . . . . . .  Developed  capacity _ . . . . 

0  {*:> 

Capacity  of  pump  . . . . : _  Static  level — depth  to  water . . . f- 

Depth  of  pump  setting _ _  Pump  installed  by _ _ _ _ 


□ 


WELL  LOG 


Formations 

Sandstone,  shale,  limestone, 
gravel  and  clay 


SKETCH  SHOWING  LOCATION 


Locate  in  reference  to  numbered 
State  Highways,  St.  Intersections,  County  roads,  etc. 


L  i  r' 


^  - 

^  a33 


Drilline  Firm. . . . . 

Add,.,.  I  . C-e. 


See  reverse  side  for  instructions 


. 


Signed 


OaiCIMAI. 


NO  CARBON  PAPER 

I  NECESSARY— 

SELP.TRANSCRIBING 

I  Cotmty.  A h 

jy) 

I  Location  of  property. 


WELL  LOG  AND  DRILLING  REPORT 

State  of  Ohio 

DEPARTMENT  OF  NATURAL  RESOURCES 
Division  of  Water 

65  S.  Front  St.,  Rm.  815  Phone  (614)  469-2646 
Columbus,  Ohio  43215 


454526 


.Township. 


Lddresa 


Section  of  Township. 

ST  O  ^ 


^  r.  ^ 


DdyQr/e^ 


^  l  H/yi.jQci3  ,  o  fi, 


WELL  LOG* 


IFonnationB 

Sandstone  ahale,  limestone^  From 
erravel  and  clar 


gravel  and  clay 


Test  Rate. 
Drawdown. 


BAILING  OR  PUMPING  TEST 
(Specify  one  by  circling) 


G.P.M.  Duration  of  test. 
_ ft.  Da»g  _ _ 


Static  level-depth  to  water _ 

Quality  (clear,  cloudy,  taste,  odor). 


Pump  installed  by. 


SKETCH  SHOWING  LOCATION 


Locate  in  reference  to  numbered 
State  Highways,  St.  Intersections,  Coimty  roads,  etc. 


vX 


L^{i 


izitrs' 


iMi; 


NO  CARBON  PAPER 
NECESSARY— 
SELF.TRANSCRIBING 


CovaxtfUlllnmi:: 

\ 

Owner 

Location  o£  property. 


461572 


WELL  LOG  AND  DRILLING  REPORT  ORICXNAI. 

State  of  Ohio 

DEPARTMENT  OF  NATURAL  RESOURCES  a  r  C  7  O 

r:-^  Division  of  Water  ^UiO  (  t 

65  S.'Tront  St.,  Rm.  815  Phone  (614)  469-2646 
■  Columbus,  Ohio  43215. 

_  Town3hip..i^;^^.:^^  _ Section  o£  Township _ 

Aflftrpctt  OpC.  P  : 


address 


1?, 


CONSTRUCTION  DETAILS 


BAILING  OR  PUMPING  TEST 
(Specify  one  by  circling) 


SKETCH  SHOWING  LOCATION 


Locate  in  reference  to  numbered 
State  Highways,  St.  Intersections,  County  roads,  etc. 


Drilling  Firm 


^  ^  '  -  .  !  - 


Address 


Signed 


additional  space  is  needed  to  complete  well  log,  use  next  consecutive  numbered  form. 


I 


WELL  LOG  AND  DRILLING  REPORT 


I 


NO  CARBON  PAPER 
NECESSARY- 
SEUF-TRANSCRIBING 


SUte  of  Ohio 

DEPARTMENT  OF  NATURAL  RESOURCES 
Division  of  Water 
Fountain  Square 
Columbus,  Ohio  43224 


593332 


I 


COUNTY, 


'  A,' TOWNSHI  t>  A./.. 


.SECTION  OF  TOWNSHIP. 


OWNER 


/A/i^FjpT  s.  mU  1  ^  La  AiiiA  k! 


LOCATION  OF  PROPERTY. 


I 

I 

I 

I 


CONSTRUCTION  DETAILS 


BAILING  OR  PUMPING  TEST 

(specify  one  by  circlinol 


Casing  diameter. 

Type  of  screen _ 

Type  of  punip_ 


,  Length  of  casing. 


,  Length  of  screen . 


Test  rate 


Drawdown 


Duration  of  test . 
Date  ______ 


Static  level  (depth  to  water) 


J£- 


Capacity  of  pump. 


Quality  (clear,  cloudy,  taste,  odor). 


Depth  of  pump  setting  . 
Date  of  completion  __ 


Pump  installed  by. 


WELL  LOG* 


SKETCH  SHOWING  LOCATION 


Formations:  sandstone,  shale, 
limestone,  gravel,  clay 


From 


To 


Locate  in  reference  to  numbered 
state  highways,  street  intersections,  county  roads,  etc. 


•if  additional  space  is  needed  to  complete  well  l(5g,  use  next  consecutive  numbered  form. 


I  ORIGINAL  COPY -ODNR,  DIVISION  OF  VYATER,  FOUNTAIN  SO.,  COLS., OHIO  43224 


■  WELL  LOG  AND  DRILLING  REPORT 

State  of  Ohio 

NO  CARBON  PAPER  DEPARTMENT  OF  NATURAL  RESOURCES 

I  NECESSARY—  Division  of  Water 

SELF-TRANSCRIBING  65  S.  Front  St..  Rm.  815  Phone  (614)  469-2646 

Columbus.  Ohio  43215 


ORIGINAL 


441619 


I  ^  .  J  Toiynship-C.^  — x_L£^l_Section  o£  Township 

Owner  lA  -  ; _ Address  t  n  r' - 

Location  of  propert7  —  — L _ 

I _ CONSTRUCTION  DETAILS _ 


CONSTRUCTION  DETAILS 


_ Address  _ 


BAILING  OR  PUMPING  TEST 
(Specify  one  by  circling) 


Casing  diameter . 


i^ength  of  casing- 


Test  Rate _ 1.-/. . G.P.M.  Duration  of  test...!. _ _ hrs 


Drawdov 


ft.  Date 


WELL  LOG* 


Static  level-depth  to  water — - 

Quality  (clear,  cloudy,  taste,  odor) - 


Pump  installed  by  —  . .  -  . 


SKETCH  SHOWING  LOCATION 


I  Formtiou  .  ts  »r  Locate  in  reference  to  numbered 

Sandstone^jh^jLmestone,  From  To  State  Highways,  St.  Intersections,  County  roads,  etc. 


Drilling  Firm 


Address 


Signed . 


*I£  additional  space  is  needed  to  complete  well  log,  use  next  consecutive  nximbered  form. 


NO  CARBON  PAPER 
NECESSARY— 
SELF.TRANSCRIBING 


CountT. 


.  ^  L  -  -J 


WELL  LOG  AND  DRILLING  REPORT 

State  of  Ohio 

DEPARTMENT  OF  NATURAL  RESOURCES 
Division  of  Water 

65  S.  Front  St.,  Rm.  815  Phone  (614)  469-2646 
Columbus,  Ohio  43215 

/V  ..  ./ 


ORICDtAI, 


441604 


.  Township. 


-Secdon  o£  Township. 


Owner 


.Address 


Location  of  property. 


/>■' 


1  CONSTRUCTION  DETAILS 

BAILING  OR  PUMPING  TEST 
(Specify  one  bj  circling) 

Casing  diameter  —  T..AngtTi  rasing 

Test  Rate _  .„::?_...G.P.M.  Duration  of  test _  _ hrs 

■  'Twn*  nf  arrrra  T.anet+h  nf  err*m 

nraTodnom  '  "L  f+.  Dafa 

Tvne  of  t*"tnn 

Static  Jevei-d'^pth  *0  water  .  ft 

■  CATiacitv  ftf  TMiTnn 

Quality  (clear,  cloudy,  taste,  odor)  _  . 

DfiDth  of  T^TiTTin  Hftf-fiTTir 

Date  of  completion.  .   i.  ■  .  .. — 

Pump  installed  by 

*  WELL  LOG* 

SKETCH  SHOWING  LOCATION 

fl  Fonnations 

1  Sandstone  shale,  limestone, 

gravel  and  clay 

From 

To 

Locate  in  reference  to  numbered 

State  Highways,  St.  Intersections,  County  roads,  etc. 

B 

0  Feet 

/;/'  Ft. 

-  -  N. 

L,h-''  iT', 

C^)  \ 

/C\ 

V  x) 

1  rz.  ^ 

s/ 

M  V  r  -C  '  ' 

i 

»> 

-i-  ^ 

/■/  ^  aJ 

W.  E. 

■\i 

\ 

S. 

.  \  1 

Drilling  Finn _ _ _  Date 


Address 


Signed 


I 

I 


*If  additional  space  is  needed  to  complete  well  log,  use  next  consecutive  numbered  form 


OaiC7N/. 


WEL  LOG  AND  DRILLING  REPC  T 

State  of  Ohio 

PLEASE  USE  PENCIL  DEPARTMENT  OF  NATURAL  RESOURCES 
OR  TYPEWRITER  Division  of  Water 

DO  NOT  USE  INK.  j562  First  Avenue 

f.  Columbus  12,  Ohio 


N9  316649 


County . _ Section  of  Township . . 

Owner  _ Address  - 

Location  of  property..  . .  A^i/ 


CONSTRUCTION  DETAILS 


Casing  diameter  fi'.....«<..»  .^.-...Length  of  casing 
Type  of  screen.'^./;fat^...‘ir..Length  of  screen 

Type  of  pump . 

Capacity  of  pump . 

Depth  of  pump  setting . . . 

Date  of  completion . 


BAILING  OR  PUMPING  TEST 


Pump  installed  by _ 


SKETCH  SHOWING  LOCATION 


Locate  in  reference  to  numbered 
State  Highways,  St.  Intersections,  County  roads,  etc. 


/O'O^ 

-  y 

II  '  fi  v'-'tyl 


WELL  LOG 


Formations 
tone,  shale,  limestone, 
gravel  and  clay _ 

/  I 


From 

To 

0  Feet 

^..i!b'..Ft. 

yjT 

7/ 

TO 

\ 

6y  'J' 

1 

N. 


Drilling  Firm 
Address 


V 


■t 


Date  .... 
Signed 


See  reverse  side  for  instructions 


lOz^l.Ll. . 


I 

I 

I 

I 


WELL  LOG  AND  DRILLING  REPORT 

State  of  Ohio 

DEPARTMENT  OF  NATURAL  RESOURCES 
Division  of  Water 
Columbus,  Ohio 


oric:n.- 


N9  1095S0 


County^ 

OwneryV^WiLi..‘...^...'..-....i»«L/l-.C-‘^^-L^^--! - - - Address  , 

Location  of  <7_ 


' 


obigiha: 


W^  L  LOG  AND  DRILUNG  REPC  '  T 


State  o£  Ohio 

DEPARTMENT  OF  NATURAL  RESOURCES 
Division  of  Water 
1500  Dublin  Road 
Columbus,  Ohio 


No.  224678 


County _ T ownship...7i/..\^ . Section  of  Township., 

Owner  . . . — . . . Address 

r  ]  1  <)  ^  :  ^  I  '  f  u 

Location  of  property  ^  _ 


CONSTRUCTION  DETAILS 


BAILING  OR  PUMPING  TEST 


Casing  diameter  — Length  of  casing. ;...'^.*—...?....jPumping  rate Q. . G.P.M.  Duration  of  test...'^. 

H  Type  of  screen . Length  of  screen _ IDrawdown . . ft.  Date....^./ . . 

Type  of  pump. — . . . . . . . jDeveloped  capacity . . . 

I  Capacity  of  pump . . . . . iStatic  level — depth  to  water . . 

Depth  of  pump  setting . . . . . . jpump  installed  by . . . 


Date  of  completion.. 


WELL  LOG 


Formations 

Sandstone,  shale,  limestone, 
gravel  and  clay 


SKETCH  SHOWING  LOCATION 


Locate  in  reference  to  numbered 
State  Highways,  St.  Intersections,  County  roads,  etc. 


0  Feet 


c'" 

^  1  A 

I 


J 
'■  ' 


'■  V  5 


'  5  ^ 


Drilling  Firm 


Address  ...^ 


r’.  ..fc-,..,.,: 


)/-  - 


r 

S  u 


Signed  JT 


(SKFTrn  OF  I.OCATION  ON  BACK  OF  THIS  LOO  SHFFT) 


O  R I C I N  A 


' "OLL  LOG  AND  DRILUNG  REI^.T 

State  of  Ohio 

DEPARTMENT  OF  NATURAL  RESOURCES 
Division  of  Water 
Columbus,  Ohio 


N9  162154 


Countyj^/Ci^<4(l/K^^/v-l . 

Owner 

Location  of  property...^..^^ 


Section  of  Township 
<^3^....or  Lot  Number _ _ 


\ .  Townshipy«rl^<j4x<tC-»»<w3o.— or  Lot  Number 

[U/  . .^^Address  . 


Casing  diameter . Lsf... 

Type  of  screen-L^iU/lAv. . 

Type  of  pump . - 

Capacity  of  pump . 

Depth  of  pump  setting 


CONSTRUCTION  DETAILS 


*—  ..Length  of  casing. 


. 


PUMPING  TEST 


Pumping  rate . G.P.M.  Duration  of  test . h 

Drawdown....  L5r^....  ...ft.  Date 

Developed  capacity _ 

Static  level — depth  to  water _  6o  ~ . 

Pump  installed  by . . 


SKETCH  SHOV/ING  LOCATION 


NO  CARBON  PAPER 
NECESSARY- 
SEUF-TRANSCRI  BING 


W^V*.  LOG  AND  DRILLING  RF^ORT 

State  of  Ohio 

DEPARTMENT  OF  NATURAL  RESOURCES 
Division  of  Geological  Survey 
Fountain  Square 

Columbus,  Ohio  43224  Phone  (614)  466-5344 


original 


492742 


COUNTY. 


TOWNSHIP 


SECTION  OF  TOWNSHIP 
OR  LOT  NUMBER 


ADDRESS. 


//d£> 


2W. 


LOCATION  OF  PROPERTY. 


't6>  J  - l/ZhuS’C 


Casing  diameter 
Type  of  screen  _ 
Type  of  pump _ 


Capacity  of  pump _ 

Depth  of  pump  setting  , 
Date  of  completion _ 


CONSTRUCTION  DETAILS 


Length  of  casing 


Length  of  screen 


WELL  LOG* 


Formations:  sandstone,  shale, 
limestone,  gravel,  clay 


Test  rate. 


Drawdown . 


BAILING  OR  PUMPING  TEST 

(soecify  one  by  circling) 


_  gpm  Duration  of  test. 


Static  level  (depth  to  water) _ 

Quality  (clear,  cloudy,  taste,  odor). 


Pump  installed  by. 


V-5~-  /<: 


SKETCH  SHOWING  LOCATION 


Locate  in  reference  to  numbered 
state  highways,  street  intersections,  county  roads,  etc. 


6l5 


I'' 


DRILLING  FIRM. 


lore  Cy  ‘ 


’ll  adflilional  space  is  nr^eded  to  compU-ie  well  loo.  i,  .e  ne.t  cocseout •  ve 


ORIGIN  Al 


I 

I 

I 

I 


NO  CARBON  PAPER 
NECESSARV- 
SELF-TRANSCRiBING 


WEl^V  LOG  AND  DRILLING  REI^RT 

State  of  Ohio 

DEPARTMENT  OF  NATURAL  RESOURCES 
Division  of  Geological  Survey 
Fountain  Square 

Columbus,  Ohio  43224  Phone  (614)  466-5344 


478142 


COUNTY 

OWNER 


TOWNSHIP 


SECTION  OF  TOWNSHIP 
OR  L.OT  NUMBER 


LOCATION  OF  PROPERTY. 


ADDRESS, 


CONSTRUCTION  DETAILS 

BAILING  OR  PUMPING  TEST 

(Specify  one  by  circiing} 

Ca5;ing  diamfttpr  ^  Ipngth  of  casino  / 

Test  rate  /O  ppm  Ouratinn  nf  test  hf 

Typft  nf  Rcrepn  1  pngth  nf  sr.rppn 

Statu-  ieuel  (ffepth  tn  \A<ater)g:^/  _ 

Oiiality  (rlear.  ciniidy.  tartte.  rvfnr)  fit) 

n«pth  nf  plimp  CPtting  , 

Pump  inatallerl  hy 

WELL  LOG* 

SKETCH  SHOWING  LOCATION 

Formations:  sandstone,  shale,  p 

limestone,  gravel,  clay  ° 

Locate  in  reference  to  numbered 
state  highways,  street  intersections,  county  roads,  etc. 

WEI*  LOG  AND  DRILLING 


REf*ORT 


NO  CARBON  PAPER 
NECESSARY- 
SELF-TRANSCR!BING 


State  of  Ohio 

DEPARTMENT  OF  NATURAL  RESOURCES 
Division  of  Water 
Fountain  Square 
Columbus,  Ohio  43224 


COUNTY^ 


OWNER. 


TOWNSHIP. 


.SECTION  OF  TOWNSHIP. 


ADDRESS 


a  %  ?s^^.  //■ 


LOCATION  OF  PROPERTY. 


Cj. 


CONSTRUCTION  OETAILS 


BAILING  OR 

(specify  one  by  circling 


Test  rate. 


Duration  of  test. 


ft  Date. 


NO  CARBON  PAPER 
NECESSARY- 
SELF-TRANSCRIBING 


WEM:  LOG  AND  DRILLING  REPORT 

State  of  Ohio  ■ 

DEPARTMENT  OF  NATURAL  RESOURCES 
Division  of  Water 
Foxintain  Square 
Columbus,  Ohio  43224 


COUNTY. 


OWNER 


.  TOWNSHIP- 


.SECTION  OF  TOWNSHIP. 


LOCATION  OF  PROPERTY 


CONSTRUCTION  DETAILS 


Casing  diameter 
Type  of  screen  ___ 

Type  of  pump _ 

Capacity  of  pump__ 
Depth  of  pump  setting  . 
Date  of  completion __ 


Length  of  casing 
.  Length  of  screen 


ADDRESS. 


BAILING  OR  PUMPING  TEST 

(specify  one  by  circling) 


Duration  of  test. 


Test  rate 
Drawdown  „ 

Static  level  (depth  to  water) 

Quality  (clear,  cloudy,  taste,  odor). 


Pump  installed  by. 


WELL  LOG* 


Formations:  sandstone,  shale, 
limestone,  gravel,  clay 


SKETCH  SHOWING  LOCATION 


Locate  in  reference  to  numbered 
state  highways,  street  intersections,  county  roads. 


w  ^ 


DRILLING  FIRM.1^ 


AODRESS< 


•if  additional  space  is  needed  to  complete  well  log.  use  next  consecutive  numbered  form. 


ORIGINAL  COPY -ODNR.  DIVISION  OF  WATER,  FOUNTAIN  SO., C0LS..0HI0  4322 


NO  CARBON  PAPER 
necessary- 
self-transcribing 


WELL  LOG  and  drilling  REP 

^  '  state  of  Ohio  ■ 

DEPARTMENT  OF  NATURAL  RESOURCES 
Division  of  Water 
Fountain  Square 
Columbus,  Ohio  43224 


61812 


COUNTY. 


TOWNSHIP. 


.SECTION  OF  TOWNSHIP. 


OWNER. 


ADDRESS. 


LOCATION  OF  PROPERTY. 


CONSTRUCTION  DETAILS 


ORILLIN6  FIRM. 


ADDRESS. 


Test  rate. 


Drawdown . 


BAILING  OR  PUMPING  TEST 

(specify  one  by  circling) 


^  gpm  Duration  of  test. 


Static  level  (depth  to  water) 

Quality  (clear,  cloudy,  taste,  odor). 


Pump  installed  by. 


SKETCH  SHOWING  LOCATION 


Locate  in  reference  to  numbered 
state  highways,  street  intersections,  county  roads,  etc. 


L  \ 


•if  additional  space  is  needed  to  complete  well  log.  use  next  consecutive  numbered  form. 


ORIGINAL  COPY -ODNR,  DIVISION  OF  WATER,  FOUNTAIN  SO.,  COLS.,  OHIO  43224  (  v 


NO  CARBON  PAPER 
NECESSARY- 
SELF-TRANSCRIBING 


COUNTY. 


WSl^;:  LOG  AND  DRILLING  REIT  RT 

State  of  Ohio 

DEPARTMENT  OF  NATURAL  RESOURCES 
Division  of  Water 
Fountain  Square 
Columbus,  Ohio  43224 


63281 


TOWNSHIP 


SECTION  OF  TOWNSHIP. 


OWNER. 


ADDRESS. 


LOCATION  OF  PROPERTY. 


CONSTRUCTION  DETAILS 


Casing  rlianwtar  v  J 
Type  of  screen  ___ 

Type  of  pump _ 

Capacity  of  p»imp 
Depth  of  pump  setting  . 
Date  of  completion__ 


,  Length  of  casing 
,  Length  of  screen 


Test  rate 


Drawdown 


BAILING  OR  PUMPING  TEST 

Ispecifv  one  by  circling! 


Duration  of  test. 


Static  level  (depth  to  water) ____J 
Quality  (clear,  cloudy,  taste,  odor). 


Pump  installed  by. 


WELL  LOG* 


DRILLI 


ADDRESS. 


L/ 

N<S  FIRM  I  ^ 


SKETCH  SHOWING  LOCATION 


Locate  in  reference  to  numbered 
state  highways,  street  intersections,  county  roads,  etc. 


•if  additional  space  is  needed  to  COTplete  well  Ioq*  use  next  consecutive  numbered  form. 


ORIGINAL  COPY -ODNR,  DIVISION  OF  WATER.  FOUNTAIN  SO..  COLS., OHIO  43224 


NO  CARBON  PAPER 
NECESSARY- 

self-transcr'ibing 


WELU  LOG  AND  DRILLING  REPORT 

-  State  of  Ohio 

DEPARTMENT  OF  NATURAL  RESOURCES 
Division  of  Water 
Fountain  Square 
Columbus,  Ohio  43224 


/7  J 

r888 


COUNTY. 


OWNER. 


'TOWNSHIPJ 


.SECTION  OF  TOWNSHIP. 


ADDRESS. 


S/a/ 


LOCATION  OF  PROPERTY 


Test  rate . 


Drawdown . 


BAILING  OR  PUMPING  TEST 

lapecify  one  by  circling) 


___  opm  Duration  of  test. 


Static  level  (depth  to  watnr)  / 
Quality  (clear,  cloudy,  taste,  odor). 


Pump  installed  by. 


SKETCH  SHOWING  LOCATION 


Locate  in  reference  to  numbered 
state  highways,  street  intersections,  county  roads,  etc. 


LLING  FIRM. 

>RESS.  eiriKign 

•if  additional  space  is  needed  to  complete  well  log,  use  next  consecutive  numbered  form. 


fy 


ORIGINAL  COPY -ODNR,  DIVISION  OF  WATER,  FOUNTAIN  SO.. C0LS..0HI0  43224 


APPENDIX  B 

DECONTAMINATION  PROCEDURES,  SAMPLE  NUMBERING  METHOD, 
SAMPLE  PACKAGING,  SHIPPING  AND  HANDLING  TECHNIQUES 


908DPC 12-96 


APPENDIX  B 


DECONTAMINATION  PROCEDURES,  SAMPLE  NUMBERING  METHOD, 
SAMPLE  PACKAGING,  SHIPPING  AND  HANDLING  TECHNIQUES 

Decontamination  Procedures 

All  split-spoon  samplers,  sampling  trowels,  hand  augers,  bailers,  pumps  and 
other  sampling  equipment  were  decontaminated  between  samples  by  washing  with 
soap  and  tap  water,  rinsing  with  tap  water,  rinsing  with  distilled  water,  and  finally 
rinsing  with  isopropyl  or  methyl  alcohol. 

Augers  and  drill  pipes  were  cleaned  between  borings  by  steam  cleaning  with 
tap  water,  washing  with  soap  and  tap  water,  rinsing  with  tap  water,  rinsing  with 
distilled  water  and  finally  rinsing  with  isoproponal.  The  drill  rig  was  steam  cleaned 
between  borings. 

Decontamination  wastes  (water  and  soil)  generated  in  the  drill  rig 
decontamination  area  were  contained  in  a  decontamination  pad  and  placed  in 
drums  for  later  sampling  and  disposal.  The  wastes  from  decontamination  during 
drilling  at  the  HWSA  were  placed  into  drums.  The  decontamination  water  from 
cleaning  hand  augers  and  sampling  spoons  was  dumped  into  a  sanitary  sewer  or 
spread  on  the  ground  surface  at  the  site. 

Sample  Numbering  System 

Each  sample  submitted  for  laboratory  analysis  was  assigned  a  unique  sample 
identification  number  that  describes  where  the  sample  was  collected  and  what  type 
of  sample  it  is.  Each  sample  number  consists  of  a  group  of  letters  and  numbers 
separated  by  hyphens.  A  summary  of  the  system  is  presented  in  Table  B-1.  For 
example,  the  first  water  sample  collected  from  monitoring  well  3  at  Site  1  was 
labeled  RB1-MW3-GW1.  The  second  ground-water  sample  collected  from 
monitoring  well  3  at  Site  1  was  then  labeled  RB1-MW3-GW2. 

Numbering  of  duplicate,  rinseate,  field  blank  and  trip  blank  samples 
incorporated  some  aspects  of  the  basic  numbering  system.  Duplicate  soil  samples 
were  assigned  numbers  identifying  the  actual  site  number,  but  utilizing  fictitious 
sample  source  and  sample  numbers. 


895DP12-96 


B-1 


TABLE  B-1 


SAMPLE  NUMBERING  SYSTEM 
RICKENBACKER  ANGB,  COLUMBUS,  OH 


Project  Identification: 

Site  Identification  and  Number: 

Sample  Source  Number 
MW 
HB 
AB  ' 

Sample  Number: 

GW 
SS 
GS 

Example: 

RB-Ol-MWl-SSl 


RB 

Site  Number;  1 


Ground  Water 

Soil  Sample  (Split-Spoon  or  HB) 
Surface  Soil  Grab  Sample 


fsequentian: 

Monitor  Well  # 
Shallow  Soil  Boring  # 
Auger  Boring  # 


First  soil  sample  from  Monitoring  Well  #1  drilled  at  the  HWSA. 


895DP12-96 


B-2 


Sample  Handling.  Packaging  and  Shipping 

All  water,  sediment  and  soil  samples  collected  for  chemical  analysis  were  obtained 
with  equipment  that  was  decontaminated  prior  to  each  use.  The  samples  were 
placed  in  pre-cleaned  glass  and  plastic  jars  and  bottles  supplied  by  I-Chem 
Research,  Inc.,  via  VWR  Scientific.  Prior  to  sampling,  each  of  the  sample  containers 
was  labeled  with  waterproof  ink.  Information  on  the  labels  included: 

•  Sample  identification  number; 

•  Preservatives  added; 

•  Date  and  time  of  sample  collection;  and 

•  Required  analytical  method. 

Sample  containers  were  v,Tapped  in  packing  material  to  minimize  the  chance 
of  breakage  during  shipment  and  packed  in  plastic  coolers.  The  coolers  were  then 
packed  with  sealed,  ice-filled  plastic  bags.  A  chain-of-custody  form  was  prepared 
for  the  contents  of  each  cooler  prior  to  packing.  Information  on  each  chain-of- 
custody  form  included  sampling  information  recorded  on  the  label  of  each  sample 
bottle,  the  total  number  of  sample  bottles  for  each  sample  and  the  headspace  PID 
screening  results  for  soil  samples.  The  form  was  then  signed  by  the  sampler(s), 
signed  and  dated  by  one  of  the  samplers  in  the  "relinquished  by"  box  and  the 
Federal  Express  airbill  number  was  written  in  the  "received  by"  box.  The  form  was 
then  placed  in  a  sealed  plastic  bag  and  taped  to  the  inside  of  the  cooler  lid.  Each 
cooler  was  sealed  with  tape  and  a  security  seal  and  shipped  by  Federal  Express  to 
the  ES  Laboratories  in  Berkeley,  California. 

Upon  receipt  of  a  sample  set,  the  laboratory  inspected  the  shipping  container 
for  security  seals  before  opening.  The  container  was  inspected  for  the  chain-of- 
custody  documents  and  other  information  or  instructions.  The  sample  custodian 
verified  that  the  information  on  the  sample  bottles  matched  that  on  the  chain-of- 
custody  forms  and  signed  for  receipt.  Any  discrepancy  between  the  samples 
received  and  the  chain-of-custody  information,  broken  or  leaking  sample  bottles,  or 
other  abnormalities  were  reported  to  the  laboratory  supervisor.  Notation  of  the 
problem  and  resolution  was  made  on  the  chain-of-custody  form,  initialed  and  dated 
by  the  sample  custodian. 


895DP 12-96 


B-? 


Each  sample  was  assigned  a  unique  chronological  laboratory  number.  A 
sample  number  label  was  attached  to  each  bottle.  All  identifying  information  was 
recorded  in  a  bound  sample  log  book.  The  information  documented  included: 

•  Laboratory  sample  number; 

•  Date  of  receipt; 

•  Client  name; 

•  Client  identifying  number  or  description; 

•  Project  number; 

•  Analyses  required,  and 

•  Storage  location. 

Upon  completion  of  the  log-in  procedure,  the  samples  were  stored  in  a 
secure  area  under  the  environmental  conditions  required  to  maintain  sample 
integrity.  A  work  order  form  was  prepared  and  provided  to  the  laboratory  to  assist 
in  scheduling  and  completion  of  the  tests  within  required  holding  times. 


895DP12-96 


B-4 
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DRILLING  LOGS  AND  WELL  CONSTRUCTION  DIAGRAMS 
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Unified  Soil  Classification  System 
Soil  Classification  Abreviations 


GW 

GP 

GM 

GC 

SW 

SP 

SM 

SC 

ML 

CL 

OL 

MH 

CH 

OH 

PT 


Well  graded  gravels,  gravel-sand  mixtures,  little  or  no  fine 
Poorly  graded  gravels,  gravel  -  sand  mixtures,  little  or  no  fine 

Silty  gravels,  gravel  -  sand  -  silt  mixtures 

Clayey  gravels,  gravel  -  sand  -  clay  mixtures 

Well  graded  sands,  gravelly  sands,  little  or  no  fines 

Poorly  graded  sands,  gravelly  sands,  little  or  no  fines 

Silty  sands,  sand  -  silt  mixtures 

Clayey  sands,  sand  -  clay  mixtures 

Inorganic  silts  and  very  fine  sands  or  clayey  silts  with  slight  plasticity 

Inorganic  clays  of  low  to  medium  plasticity 
Organic  silts  and  organic  silty  clays  of  low  plasticity 

Inorganic  silts,  micaceous  or  diatomaceous  fine  sand  or  silty  soils 

Inorganic  clays  of  high  plasticity,  fat  clays 

Organic  clays  of  medium  to  high  plasticity,  organic  silts 

Peat,  humus,  swamp  soils  with  high  organic  contents 


DRILLER 


niii  I  »ii'i'ii"i<'ii'^'il 


ENGINEERING  SCIENCE 
DRILLING  RECORD 


HBm 


rfliiiiiiiiirr  i  — 


CL  BRN.  SILTY  CLRYlll/TRRCE  OF  SRIlVELSflHP.  DRY 


iHiiiianasm 


WELL  DESIGN  C 


PROTECnVE 

CRSINGRND 

LOCK 

'2FTSnCK-UP 

2IN.DIflPVC 

RISER 

CEHENT/ 

BENTONITE 

GROOT 


MOIST 

MOTTLED.  CBRN-RED  BRN-GRY)  W/SOME  GRRVEL. 
SRHP.  HRS  SLIGHT  nOCRRBON  ODOR 

BRN,  HO  MOTTLING.  YY  HOIST 


CH  BRN-GRY.  SRNDY  SILTY  CLAY  W/SOME  GRRVEL.  SRMP. 
VY  MOIST 


CL  BRN.  SILTY  CLRY  W/SOHE  SRND  RND  GRRVEL,  SRMP. 
VY  MOIST 


SW  GRY-WHT,  F-MED  SRND.  SRHP.  WET  RND  HRS  SHEEN  ON 
WRTER 


MMIHkwiii 


STMIMRDPEIIETlIRniMTIST 
SS^SPLirSPOON  D^iiUDERClITnNDS  C^COREO 


SW  RED  BRN.  GRAVELLY  CO.  SRND.  SRHP.  WET 


SW  I  GRY-WHT,  MED.  SRND.  SRHP.  WET 


2FT  BENTONITE 
PELLET  SERL 


SRND  PACK 


lOFTWELL 

SCREEN 


SUMMARY 


STIMODROPENETMIONTEST  SUHHflRY 

SS’SRLITSroON  fl^imCtlTTINSS  C^COREO 


MONITORING  WELL  CONSTRUCTION  LOG  -  Double  Cosed 

WELL  NO;  mV//  r  Inslollolion :  Ri  f  If  r  y  .  Ob(0  |  Sue" 


Project  No.  CLIlF  Ciient/Project:  _ 


HAZWRAP  Conuodor  £f\Q  I A  6  6  f  lA  t  -  ScitAt^  Ccrtlroclpr:  Qou)  SBT  ~ 


Comp.  Siori;  •7/\<l/S8  (  _ m)  Comp  End 


^ell  Coord 


9jiII  3y 


Keignt 


GS  rie.oni 


PROTECTIVE  CSG 


SURFACE  PAD 


Diomeler _ Tolol  Length 

GROUT:  Sttup/Hydrolicn  Time  _ 

Composition  a  Proportions  _ 


Intervol  BG5 _ 

Tremied  (Y/N) 

RISER  PIPE 


m 


Inlervol  BGS _ a 

Tremied  0/N) 

centralizers  (y/0 

DeDin(s) 


Source _ an _ 

Setup/Hydrotior.  Time. 
Tremied  (  Y 

filter  pack 


[Pcmi 


Amount  Used 

Source _ 

Gr.  Size  D.s' 
T remied  (  Y 

SCREEN 


.  Vol  Fluid  Added 


itoa* 


HI  V.s- 1 K 


Moterioi  _ 

S  el'  C /Hydro!  icn  Time 
Trem.ie  d  (  Y  /  N  ) 


STRIM  POiTIBiniM  TIST  SUHHfiRY 

SS^SPLITSPOW  II^MmCUnDICS  C^CORED 


MONITORING  WELL  r.ONqTRur TIOM  l:  G- Double  Cosed 


tAbOiC  ictr  AN5&  Ohi 


f  ijeci  No.  CLIir  1  Clieni/Proitci;  _ 


HAZWRAP  ContfoclOf.  EnOiAeerjAi*  -  <rcle/»ri  D/Ib  Contractor: 


S.te  H 


Comp.  S'ort 


9 ji It  3y 


7W2.38 


HCTrlh- 


Well  Coord 


PROTECTIVE  CSG 


SURFACE  PAD 


D'omefer _ Totol  Length 

GROUT:  Setup/Hydrotion  Time  _ 

Composition  S  Proportions  _ 


Dio  me  ter _ _ 

Totol  Length  (TOC  to  TOS)  _ 

GROUT 

Composition  S  Proportions 


Intervol  BGS _ ! 

Tremied  (Y/^5 

centralizers  (y/0) 


Soyrce _ flcG _ 

Setyp/Hydrolion  Time _ ^ 

Tremied  (  Y 

filter  pack 


^0%  Contrtft 


,  voi.  Fijid  Added 


Amount  Used 


Gr.  S.ze 

Disl 

T  rem.ed 

(  Y/ 

SCREEN 

0  cmeter - & — 

Slot  Sire  S  Ty 
S  JVP  (  Y/0 
Intervol  9GS  __ 
3oitcm  Ccp 

backfill  PL.U3 


Woterioi  _ _ 

Setup/Hydroticn  Tirr.e 
Tremied  (  Y/  N  ) 


«sn.iTsraoN  MiuGatciimiKS  choired 


SHE.  15-17  SiRDIilDiamVEL 
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WATER  LEVEL  DATA 
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ES  ENGINEERING-SCIENCE 


WATliR  LEVEL  MOtaTORIMG 
HAZARDOUS  WASTE  STORAGE  AREA 
RICKENBACKER  AIR  NATIONAL  GUARD  BASE 


DATE 


WELL 


DEPTH  TO 
WATER 
ET 


CAS ING 
ELEVATION 


16-Sep-88 

RB 

1-MWl 

10.  40 

743.60 

17-Oct-88 

RB 

1-MWl 

12.  11 

743.60 

17 -Nov- 8 8 

RB 

1-MWl 

10.  72 

743.60 

17-Dec-83 

RB 

1-MWl 

11.  84 

743. 60 

20- Jan- 8 9 

RB 

i-MWl 

10.  30 

743.60 

15-Eeb-89 

RB 

1-MWl 

10.  15 

743.60 

15 -Mar- 89 

RB 

1-MWl 

9.98 

743.60 

19- Apr-89 

RB 

1-MWl 

8.  83 

743. 60 

16-Sep-83 

RB 

1-MW2 

10.  35 

743.33 

17-0ct-38 

RB 

1-MW2 

12.  00 

743. 38 

17 -Nov- 03 

RB 

1-MW2 

10.  78 

743. 38 

17 -Dec- 8  8 

RB 

1-MW2 

11.75 

743.38 

16-Jan-89 

RB 

1-MW2 

9.  46 

743. 38 

15-Feb-89 

RB 

1-MW2 

10.  10 

743. 38 

15-Mar-89 

RB 

1-MW2 

9.90 

743.38 

19 -Apr -89 

RB 

1-MW2 

0.  30 

743.38 

16-3ep-88 

RB 

1-MW3 

10.  50 

744. 09 

17 -Oct- 03 

RB 

1-MW3 

12.  42 

744. 09 

17 -Nov- 8 8 

RB 

1-MW3 

10.  82 

744. 09 

17 -Dec- 88 

RB 

1-MW3 

12.  17 

744. 09 

2v3- Jan-89 

RB 

1-HW3 

10.  21 

744. 09 

15-Eeb-39 

RB 

1-MW3 

9.7  1 

744. 09 

15-Mar-89 

RB 

1-MW3 

9.73 

744.  09 

19-Apr-89 

RB 

1-MW3 

9.45 

744. 09 

WATER 

ELEVATION 


733.20 
731.  49 
732.88 
731.  76 
733. 30 
733. 45 
733.62 
734.77 

733.03 
731.  38 
732.60 
731.  63 
733.92 
733.28 
733. 48 
734.08 

733. 59 
731.  67 
733.27 
731.  92 
733.83 
734. 38 
734. 36 
734. 64 


APPENDIX  E 


AQUIFER  TEST  CALCULATIONS 
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ENGINEERING  SCIENCE 
HYDRAULIC  CONDUCTIVITY  TEST 


SCREEN  LEHGTHCD-ilL 
INITIRLHERDCHo).^ 

HYORflULICCONOUCTIVITY: 


1.36  X  ICr^FT/MIN 

5.76  X  10'  CM/SEC 

To  =  0.8  MIN 

3  TIHECMIN) 


fililijijilllitil 

Irroii 

IfiMii 

IfOOTI 
irMi 

nfBii 


[ilil 

ifilHIW 
irOLUSBIill 
[iEMil 


ENGINEERING  SCIENCE 
HYDRRULIC CONDUCTIVITY  TEST 


ENGINEERING  SCIENCE 
HYDRAULIC  CONDUCTIVITY  TEST 


iPTifinifizaiiiia 
laHBilillXn 
I  WlllilllW 
limiliMiBMililll 
IIIIMHIIHIIW 


ffilill 

uraii 

mi 


lifniRi 
imim 
liTtinilllll 
lii^ 
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SOIL-GAS  SURVEY  DATA 
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APPENDIX  F 


SOIL-GAS  SURVEY  DATA 


The  following  table  summarizes  the  soil-gas  survey  results  for  the  HWSA, 
The  table  presents  the  benzene,  toluene  and  o-xylene  and  the  total  BTX 
concentration  of  each  sample.  The  soil-gas  survey  map  (Figure  6.2)  was  made  based 
on  Total  BTX. 

The  sample  number  identifier  used  in  the  table  identifies  the  soil-gas  point 
and  the  depth  of  sample  collection.  For  example,  Sample  #lSG9-5  is  from  soil-gas 
point  9  collected  at  a  depth  of  five  feet. 

Although  the  chromatograph  was  not  routinely  calibrated  for  solvents,  when 
likely  solvent  peaks  were  noted  on  the  chromatogram,  a  footnote  appears  on  the 
table.  Copies  of  the  chromatograms  are  not  included  in  this  appendix,  but  will  be 
retained  indefinitely. 
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SOIL-GAS  SURVEY  RESULTS 


RICKENBACKER  AIR  NATIONAL  GUARD  BASE 

HAZARDOUS  WASTE  STORAGE  AREA 
25  July  1988 


O-XYLENE 

lSGl-5 

ND 

ND 

29.81 

29.81 

1SG2-5 

ND 

ND 

ND 

ND 

1SG3-5 

ND 

ND 

ND 

ND 

1SG4-5 

ND 

ND 

ND 

ND 

1SG5-5 

ND 

ND 

ND 

ND 

1SG6-5 

0.49 

0.10 

0.07 

0.66 

1SG7-5 

ND 

ND 

ND 

ND 

1SG8-3.5 

ND 

ND 

ND 

ND 

1SG9-5 

ND 

ND 

ND 

ND 
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APPENDIX  G 
LABORATORY  RESULTS 
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TABLE  G-1.  HAZARDOUS  IMSTE  STORAGE  AREA  SOIL  ANALYSIS 


:  X  at  S  ae  X  z  z  z  s  X  X  X  z  z  X  xxxxxx; 


oooooooooooooooooooN.ooeooooooeoocaooo 
xxxxxxxxxxxxxxxxxxx  xxxxxxxxxxxxzxxx 


xxxxxxxxxxxxxxxxxx  xxxxxxxxxxxxxxxx 


lOOAOoooooooooooooaeooooooooooooooooo 


00a0000000000000AA0«-0000000000000000 

XXXXXXXXXXXXXXXXXXXNXXXZXXXXXXXXXXXX 


oooeoooooaooooooooo^ooooooooooooooor^ 

XXXXXXXXXXXXXXXZZZXK^XXXXZXXXXXXXXXX^ 


oooooooeioooooooeooofMooooooocaoooooooa 


o  o)  X  n  Oi  X  I 


»a)0)a)<Da)a)0»o>o>o»<  »o»ne>o»e)oi(»o)oi90»o>a»xi3» 


oooooooooooooooooooooooooooooooooooo 

xxxxxxxxxxxxxxxzozxoxxxxxxxxxxzxxxxo 

o  o  o 

o  o  o 

fvj  ro  p 


OOOeOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


sxxxxxxxxoxxxxxzx: 

o 

o 


QOpOOOOOOOOpOpOOOOOOOOOOOOOOOOOOOOOO 

xxxxxxxxxxxxxxzxzxxoxxxxxxxxxxxzzxzo 

o  o 

rg  o 

o<  ^ 


WCROt9O)OlO)O)O)OIQ0QlO)OkO>9P>O>D)O)O)O)CAO)O>O)O)D)DkmO)D>O)O)O)O> 

OOi/MnmiotAoommiAUMAiriiAmooiiM/\UMAmtnmi/>ooooooooin 

^  ^  ^  O  O  ^  tfMA  lA 


i;«*0  5 

av««c*^  <;i.C  O  ^  jz  ** 

XCC^S^  *000) 

S521-II  4j-CS>L  58861 

uoo>‘0'0 

EOOOOOf;*«-l.£l.fp 
o^^t-uucEouA^o 
:(.00000«0w  «U  I  UU«H>0 

^ww^wwM(.£«>»0  tg  —  .—  OO— » 


^  c 

^ 

UJ  *0  c 

s  C  « 

A.  4^ 

—  I  9 

«  3  4»  rvj  4^ 


E«icjaf«c.4ww^wwM(.£«»»o  CMC  I 

o^^'DttkH-kuuuuuC  i»r4£««^>f-oou«c'DCXC 
't-COOOOOO  —  •UCl.i  •-*-»  CCDCCX  V 

fXoooxox*  •  »  I  •  >x  XX  -US  I  ««ou>w3Xt;«>»X 

o  u«-rg<^rgtAX4^4-»«-»«-^wf\i^^>^>f>  c  «>m  uxx  Cx 

k«XXX<X*—  »«0  •  —  U'V*  t>P-i 


TABLE  G-1.  HAZARDOUS  UASTE  STORAGE  AREA  SOIL  ANALYSIS 


SOOOOOOOOOOOOOOOaOOlAAOOAOOOOOOOOOOOO 
zxxxxxxzxzxxxxxsaex  xxSzxzxzzzzxzzzz 


OOAOaoaOOOOOOOQOOOOOOOC^OOOOOOOOAOAOO 


ZXOX2SZXXSXXXXZZOXXXXXXXZZX2ZXZZZZXO 

^  o  o 

^  o 


oooAooonooooooooooooooooooooooAonooo 

arxx9as2XxzzxzzaexxozxaeaKZXxaraexaBs:*xzxzxo 

N»  ^<5 


IQ00000Q00000000000«~0000000000000000 

!ZZXZXXXZZZXZaEZZZZZ«*ZZZZZatZXZZXZXZXZ 


0)0t0)0l0)Q)0)Q')0l0l0l0)9QI0l90>O0)0l0)90>0)CA0)0ID)0)0)0)0t0){D0)0l 

ooiomi^inmooir>miA«ntni/>trkmooi/>mir>i/%mvniAi/>ooooooootn 


igg  I 


«  s  :  .5?  8ii  I 

«.  f  >  'CCC-««X  'OOS 

O  C  ..»ww  O  ^  V  C  E 

-*  ft  ’r  ftfXfOcT  J2U£X  -'do«o 

£  E  >  E«^«^w^c.  tt'OOuf  jCuu-«u 

u«o  ^  o«4r«ia.Q.  •a  ^  ^  m  ^  u  o  o  >.  o 


^  9 

W  «  *•* 

UJ  *D  C 

z  ••*  s  «» 

W  ^  &.  4^ 


NOTE;  See  footnote  listing  iimediately  following  the  soil  analyis  tables. 


SU3H-GS1  SU5«6-6S1  SU7>8-GS1  SU9+10-GS1  SU1U12-GS1  SU13+H'GS1  SU1S«16-GS1  SU17«18-GS1 
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8 
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8 

I 

S 

8 
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« 

8 
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8 

I 
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3 

O 
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?-g-gtCfe  *3  ts^S 
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•«o  ••p-i 


■s 

m 

X 

s 


X 

*S 


it 

E 

L.I 

s 


O  X  ^ 

b  b  S 

«  <  CD 


G-1.  HAZARDOUS  WASTE  STORAGE  AREA  SOIL  ANALYSIS 


XZXXZZZZXZZXZZXZZZZZXZZZZ2ZZ2ZZZZZZZZZ2 


oooooooooaooooooooooooooooooooooooooooo 

xzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz 


!ZZZZZZZZZZZZZZZZZZSZZZZ: 


SSfifiQSAAfictooodaoooooooooooooooooooooooo 
zSzzzzzzzzzzzzzzzzSzzzzzzzzzzzzzzzzzzS 


tooooooeooooo 

tzzzzeozzzzzzh» 

lA 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOAOOOOOOOOO 

zzzzzzzzzzzzzzzzzzzzzzzzzgzzzzzzzzzzzzo 

K)  lA 


gOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

zzzzzzzzzzzzzzzzzzzzzzzzozzzzzzzzzzzzo 


looooooooooooooooooooooooooooooooooooop 

szSzzzzzzxzzzzzxzzzzzzzzzzzzzzzzzzzzzzo^ 

lA 


OOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


99Q0)ZPI0)0)0l0)0t0l0l0l990)0>OD^DI0^O0^0l0l9D)CR0>0)0)Cn0)QICR0)0l0) 

oooooooooooooooooooooopoooooooooooooooo 

JAfAK>pmK>fAKIH1K>fAfAmtArOfArAK»K»K>K>fA'OfAPAfArA»AKirAlA»ArA»AIAK>K>K>IA 

fAK>»AOK»fAK»K)fAPAfAPAfAfOfAfAfAfAKIK>fAK»^lAmfAM»AfAfAK»rA»AfA»AK»K>KirA 
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NOTE:  Sec  footnote  listing  ismediately  following  the  soil  analyis  tables. 
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TABLE  G-2.  NAZABOOUS  WASTE  STORAGE  AREA  IMTER  ANALYSIS 


O  O  O  O  O  O  ( 


I  o  a  o  o  Q 


ississs 


O  A  O  O  A  O  Q 


I  O  A  A  O  A  O 


A  A  A  A  A  A  A 


*!! 


N-CgUJ  AAAAAAI 

m  m  m  X  X  X : 


sssssss 


tu  sssssss 

®  o  o  o'  o  o'  o’  o 


^ fM  rsi  oo  o 

(MfO  ^  tn  ^ 
o  fsi  rw  <M  fM  IM  rM 


a  A  A  »  A  A  BD 
u  u  u  u  u  u  u 
ft.  ^  a.  a.  A.  a. 


A-^AO'OO^AN'NAA^ 
A  *000  OO  O 

°  d 


aaaaaaaaaaaa^ 

xxxxxxxxxxxxo 


A^AfM5p'$tANunAAA>^ 

•  oooooo 

o  • 


AOABO'Cv~9^K>OOAOrO 
•XXX  • 

o  o  o  o  o 


AAAAOAAAAAAOA 


A'^AlAAiAfVf'^^OAA'O 

Arnzv-’U^AAOCOXAA* 

O  OOOOOO 


f  t  i*  f  I  f  ?  f  f  f  I  ?  i 

OOOOOOOOOO’O 
•  OO  •  •  *00  *o  *0  • 
O  •  *000  >00  *0  o 
o  o  o  •  o 

o 


5 

■*  &o.?eI  >11 

•  “s  >iS|L^3Ji£5=u 

X  <<CAUOO^ZAA(/)^rsl 


3 

s  ^  ^ 

C  3  ’> 

• 

«  A-* 

I  IJ 


NOTE:  See  footnote  listing  imnediately  following  the  water  analysis  tables. 
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APPENDIX  H 


LABORATORY  QUALITY  ASSURANCE  REPORT 

This  appendix  presents  a  summary  and  review  of  quality  assurance  and  quality 
control  results  for  the  laboratory  analysis  of  water,  soil  and  sediment  samples 
collected  from  the  Hazardous  Waste  Storage  Area  at  Rickenbacker  Air  National 
Guard  Base  (RANGE)  in  Columbus,  Ohio.  This  investigation  was  part  of  the  Site 
Inspection  during  the  period  of  June  to  August,  1988. 

The  analytical  results  of  the  environmental,  duplicate  and  blank  samples  were 
evaluated  to  assess  the  completeness,  representativeness,  precision  and  accuracy  of 
the  data. 

The  completeness  of  the  results  was  determined  by  the  number  of  requested 
analyses  completed  within  the  appropriate  holding  times.  This  information  is 
described  in  Table  H-1  for  soil  samples  and  Table  H-2  for  ground  water  samples. 

Representativeness  was  evaluated  from  the  analytical  results  of  the  trip  blanks, 
field  blanks,  rinseate  blanks,  method  blanks  and  field  duplicate  samples.  Analytical 
results  of  the  blanks,  except  for  the  method  blanks,  are  summarized  in  Table  H-3. 
Comparison  of  the  analytical  results  from  duplicate  samples  are  summarized  in 
Table  H-4  for  soils  and  Table  H-5  for  water.  The  method  blank  summaries  are 
included  for  each  method  after  the  tables. 

Precision  and  accuracy  were  evaluated  by  reviewing  the  laboratory  matrix  spike 
sample  (MS),  matrbc  spike  duplicate  sample  (MSD)  and  the  surrogate  spike  sample. 
This  information  is  shown  in  the  Quality  Control  Results  Summary  sheets  after  the 
tables.  Also  included  are  the  Case  Narratives  which  discuss  specific  QC  problems. 

Tables  H-6  and  H-7  list  all  the  soil  and  water  samples  collected  at  the 
Hazardous  Waste  Storage  Area  with  their  laboratory  identification  number  for 
utilizing  the  laboratory  Quality  Control  Results  Summary  sheets. 
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The  completeness  of  the  data  is  the  percentage  of  analyses  which  are  judged  to 
be  valid  and  is  determined  by  calculating  the  number  of  invalid  analyses.  The  total 
number  of  invalid  analyses  included  those  analyses  which  were  not  performed  by  the 
lab  and  those  analyses  which  were  completed  after  the  holding  time  had  expired  or 
were  considered  invalid  for  some  other  reasons. 

Tables  H-1  and  H-2  summarize  this  information  for  soils  and  water  samples, 
respectively.  The  sample  ID’s,  date  of  sampling,  date  of  extraction  (if  applicable) 
and  date  of  analyses  are  indicated.  The  number  of  days  elapsed  from  sampling  to 
analysis  and  if  appropriate  to  extraction,  are  shown  for  each  analytical  procedure. 
Analyses  which  exceed  the  holding  times  are  marked  with  a  dollar  sign  ($). 
Analyses  which  were  requested  and  not  performed  are  indicated  with  a  pound  sign 
(#). 


The  total  number  of  analyses  requested  was  228.  Two  analyses  were  requested 
and  not  performed  and  three  were  performed  out  of  holding  time.  No  analyses 
were  considered  invalid  for  other  reasons.  These  5  incomplete  analyses  represent 
only  two  percent  of  the  total  number  of  analyses  requested.  It  is  felt  that  98  percent 
completeness  is  acceptable. 

H.2  REPRESENTATIVENESS 

Representativeness  expresses  the  degree  to  which  sample  data  represents  the 
characteristics  of  a  population.  Therefore,  the  level  of  representativeness  of  the 
data  is  often  determined  by  the  methodology  of  the  field  sampling  program.  The 
methods  used  for  the  sampling  of  the  soil  and  groundwater  at  the  HWSA  are 
described  in  Section  5  of  the  text.  The  sampling  protocol  was  followed  to  insure  a 
high  level  of  sample  representativeness. 


Field  Blanks 

A  field  blank  is  a  sample  of  the  deionized  organic-free  water  used  for 
decontamination.  It  is  placed  directly  from  the  source  bottle  into  an  appropriate 
sample  container.  One  field  blank  was  associated  with  the  sampling  at  the 
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Hazardous  Waste  Storage  Area.  No  volatile  organics  were  found  in  this  sample. 
The  field  blank  data  is  presented  in  Table  H-3. 


Trip  Blanks 

A  trip  blank  consisted  of  deionized  organic-free  water  in  40  ml  vials  filled  by  the 
laboratory  for  purposes  of  traveling  with  a  cooler  of  samples  back  to  the  lab.  The 
trip  blanks  were  only  analyzed  for  volatile  organics.  Three  out  of  the  four  trip 
blanks  showed  no  detectable  volatile  organics.  The  trip  blank  from  10  August  1988 
showed  detectable  levels  of  methylene  chloride  and  acetone,  both  common  lab 
contaminants.  Both  of  these  compounds  were  detected  at  comparable  levels  in  the 
associated  method  blanks.  Therefore,  the  contaminants  were  not  introduced  during 
the  shipping  process.  The  trip  blank  data  is  presented  in  Table  H-3. 


Rinseate  Blanks 

Rinseate  blanks  consisted  of  deionized  organic-free  water  poured  through  the 
decontaminated  bailer  or  split-spoon  into  sample  bottles.  The  only  volatile  organics 
found  in  the  three  rinseate  blanks  were  methylene  chloride  and  chloroform,  both 
common  laboratory  contaminants.  These  were  found  at  low  concentrations  and  one 
of  them  was  also  detected  in  the  method  blank.  Therefore,  their  presence  is  most 
likely  not  caused  by  incomplete  equipment  decontamination.  No  other  compounds 
(pesticides/PCBs,  semi-volatile  organics  or  metals)  were  found  in  the  rinseate 
blanks.  The  rinseate  blank  data  is  presented  in  Table  H-3. 

Method  Blanks 

Method  blanks  are  aliquots  of  analyte-free  water  analyzed  with  a  sample  batch 
to  identify  contaminants  introduced  by  the  preparation  or  analysis  procedure. 
Method  Blank  Summary  sheets  are  included  after  the  tables.  If  a  compound  found 
in  an  environmental  sample  is  also  found  in  the  corresponding  method  blank,  then 
the  result  is  flagged  or  footnoted  in  the  results  table  (Appendix  G).  For  common 
lab  contaminants,  a  footnote  "U"  indicates  the  analyte  is  less  than  ten  times  the 
concentration  in  the  blank  and  therefore  should  be  regarded  as  not  detected.  For 
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compounds  which  are  not  common  lab  contaminants,  the  factor  used  is  five.  A 
footnote  "A"  indicates  that  the  analyte  concentration  is  greater  than  allowed  by  the 
factor  and  may  be  actually  present  in  the  environmental  sample.  The  method  blank 
information  sent  by  the  lab  is  presented  after  the  text  of  Appendix  H. 

Duplicate  Samples 

Tables  H-4  and  H-5  summarize  the  analytical  results  of  the  soil  and  water 
duplicate  samples.  The  tables  only  list  those  compounds  that  were  detected  at  the 
site.  The  relative  percent  difference  (RPD)  is  calculated  for  each  compound  that 
was  detected  in  a  given  duplicate  set. 

For  soil  samples,  compounds  detected  in  the  sample  are  usually  also  detected  in 
the  duplicate  sample.  For  some  of  the  samples,  the  RPD  was  somewhat  large  for 
the  volatile  and  semi-volatile  organics.  However,  this  usually  happens  when  the 
analyte  is  present  at  a  concentration  less  than  five  times  the  detection  limit  or  the 
analyte  found  is  a  common  laboratory  contaminant.  The  metal  results  for  the  soil 
duplicate  samples  generally  correspond  well.  The  metals  that  were  detected  in  the 
sample  were  usually  also  detected  in  the  duplicate.  Given  the  heterogeneous  nature 
of  soil  and  the  volatility  of  the  organic  compounds,  the  data  for  soil  samples  should 
be  considered  representative. 

One  water  sample  was  duplicated  from  the  Hazardous  Waste  Storage  Area. 
Two  organic  (acetone  and  benzene)  compounds  were  found  and  neither  could  be 
confirmed  by  the  duplicate  sample  because  the  volatiles  were  analyzed  out  of 
holding  time  and  therefore  considered  estimated.  Acetone  was  also  found  in  the 
method  blank  so  its  presence  is  not  significant. 

The  duplicate  water  results  for  the  total  metals  were  in  agreement.  The  same 
metals  were  present  in  both  samples  at  comparable  concentrations.  The  analytical 
results  for  the  ground  water  samples  should  be  considered  representative  except  for 
the  benzene  example  noted  above. 
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Precisior  and  accuracy  are  assessed  from  the  results  obtained  from  the  analysis 
of  matrix  spike  and  matru  spike  duplicate  samples. 


Precision 

Precision  refers  to  the  relative  percent  difference  (RPD)  in  values  obtained 
from  two  duplicate  samples,  in  this  case  matrix  spike  duplicate  samples.  RPD  is 
calculated  as  follows: 

Relative  Percentage  Difference  (RPD)  =  2  (Cj  -  C2)  x  100 

-CTTC^ 


where: 

Cl,  C2  =  The  two  values  obtained  by  analyzing  duplicate  samples. 

Acceptable  levels  of  precision  vary  according  to  the  sample  matrix,  the  specific 
analytical  method,  and  the  analytical  concentration  relative  to  the  method  detection 
limit. 

The  precision  obtained  for  metals  analyses  was  evaluated  based  upon  a  control 
limit  of  20  RPD  for  values  greater  than  5  times  the  detection  limit.  A  control  limit 
of  2  times  the  detection  limit  was  used  for  values  less  than  5  times  the  detection 
limit.  If  either  value  was  less  than  the  detection  limit,  an  RPD  was  not  calculated. 

The  precision  of  the  analyses  of  volatile  halogenated  compounds  and  volatile 
aromatic  compounds  was  evaluated  on  the  basis  of  the  RPD  calculated  for 
quantitation  on  a  single  chromatograph  column.  The  EPA  methods  for  these 
analyses  provide  statistical  precision  data  as  a  function  of  concentration  for 
individual  compounds.  These  values  are  used  as  a  guideline  to  assess  the  precision 
of  duplicate  analyses. 
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Accuracy  refers  to  the  correctness  of  the  value  obtained  from  analysis  of  a 
sample,  and  is  determined  by  analyzing  a  given  sample  and  its  corresponding  matrix 
spike  sample.  Accuracy  is  expressed  as  percentage  recovery  (PR)  and  is  calculated 
using  the  following  formula. 

^s  ‘  ^o 

Percentage  Recovery  (PR)  =  _ _ x  100 


value: 

Sq  =  Background  value,  the  value  obtained  by  analyzing  the 
sample  before  spiking; 

S  =  Concentration  corresponding  to  the  spike  addition  to  the 
sample;  and 

Sg  =  Value  obtained  by  analyzing  the  matrix  spike  sample  with 
the  spike  added. 

The  degree  of  accuracy,  or  percentage  recovery  (PR),  to  be  expected  is 
dependent  upon  the  sample  matrbc,  specific  analytical  method,  and  the 
concentration  of  the  analyte  relative  to  its  detection  limit.  The  closer  the  measured 
value  is  to  the  detection  limit,  the  lower  the  accuracy  of  analysis.  Metals  and  other 
inorganic  water  quality  parameters  are  normally  determined  within  the  range  of  70 
to  125  percent  or  as  specified  by  ES  Laboratory  Control  Charts. 

The  procedures  for  spike  samples  to  be  analyzed  by  gas  chromotography 
Methods  8010,  8020,  8240,  8270  and  8150  are  described  in  each  respective  method. 
The  expected  range  for  recoveries  of  each  compound  are  also  provided  in  the 
method  descriptions. 

The  Laboratory  Quality  Control  Results  Summary  sheets  for  each  analytical  test 
performed  are  included  after  the  tables. 

If  quality  control  results  demonstrated  an  out  of  control  situation  for  the  spiked 
sample  or  spiked  duplicate  sample,  a  corrective  action  was  taken.  This  may  have 
included  checking  the  calculations,  flagging  data  in  accordance  with  the  procedures 
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prescribed  for  the  method,  recalibration  of  the  instrument,  and/or  re-analyses  of  the 
samples. 

Semi-volatile  organic  analysis  of  spiked  samples  resulted  in  some  high 
recoveries.  Since  the  spiked  blank  samples  were  within  an  acceptable  range,  data 
associated  with  these  batches  were  still  considered  usable,  but  flagged  as  estimated 
(J).  Since  the  recoveries  are  generally  high,  the  flagged  analytical  results  should  be 
considered  biased  high.  If  spiked  blank  recoveries  were  out  of  range  but  the  spiked 
sample  recoveries  were  within  range,  no  furhter  action  was  taken  (eg.,  1,2,4- 
trichlorobenzene  for  QC  Report  No.  BNA-S-0032-88B). 

QC  Report  No.  BNA-S-0032-88B  shows  very  poor,  spiked  blank  recoveries. 
The  Case  Narrative  associated  with  this  report  concludes  that  the  lab  does  not  feel 
the  quality  of  the  data  are  affected.  Since  the  only  sample  associated  with  this 
report  (RB-1-MW2-SW1)  does  not  show  any  detected  semi-volatile  organics,  no 
further  action  is  necessary. 

Analytical  results  of  environmental  samples  marked  with  the  following 
footnotes  should  be  regarded  as  approximate; 

N  -  Spike  sample  recovery  not  within  control  limits. 

*  -  Duplicate  analysis  not  within  control  limits. 

W  -  Post  digestion  spike  for  Furnace  AA  analysis  out  of  control  limits 
(85-115  percent). 

The  abundance  of  the  footnote  "N"  in  the  metal  analytical  results  indicates  that 
there  may  be  a  laboratory  control  problem  for  some  of  the  metals. 
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NOTE:  $- -RESULTS  WERE  RECEIVED  BUT  MERCURY  HOLDING  TIMES  WERE  EXCEEDED 
«- -ANALYSIS  WAS  REQUESTED  BUT  NOT  PERFORMED 


HAZARDOUS  WASTE  STORAGE  AREA 
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NOTE:  S--RESULTS  WERE  RECEIVED  BUT  HOLDING  TIMES  WERE  EXCEEDED 


TABLe  H-2.  MATER  ANALYSIS  COMPLETENESS 
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NOTE:  $--RESULTS  WERE  RECEIVED  BUT  HOLDING  TIMES  WERE  EXCEEDED 


TABLE  H-3.  RANGB  BLANK  ANALYSIS 


NO --not  detected 

U--analyte  is  less  than  10  times  the  concentration  in  the  blank,  therefore  it  should  be  regarded  as  not  detected 
--  not  tested 


HAZARDOUS  WASTE  STORAGE  AREA 
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ND--not  detected 

U--analyte  is  less  than  10  times  the  concentration  in  the  blank,  therefore  it  should  be  regarded  as  not  detected 


TABLE  H-S.  WATER  OUPLICATES-EXTRACT  LIST 
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NO- -not  detected 

U--analyte  is  less  than  10  times  the  concentration  in  the  blank,  therefore  it  should  be  regarded  as  not  detected 
--  not  tested 


TABLE  H.6 


SOIL  SAMPLE  IDENTIFICATION  VERSUS  LAB  ID 


HAZARDOUS  WASTE  STORAGE  AREA 


SB-1-SU1+2-GS1 

88061106 

RB-1-SU3  +  4-GS1 

88061107 

RB-1-SU5  +  6-GS1 

88061108 

RB-1-SU7+8-GS1 

88061109 

RB-1-SU9+10-GS1 

88061110 

RB-1-SU11  +  12-GS1 

88061111 

RB-1-SU13+14-GS1 

88601112 

RB-1-SU15+16-GS1 

88061113 

RB-1-SU17+18-GS1 

88061120 

RB-l-HBl-SSl 

88061114 

RB-1-HB1-SS2 

88061115 

RB-1-HB1-SS3 

88061116 

RB-1-HB2  +  3-SS1 

88061117 

RB-1-HB2-SS2 

88061118 

RB-1.HB2-SS3 

88061119 

RB-1-HB4-SS1 

88071315 

RB-1-HB4-SS2 

88071316 

RB-1-HB4.SS3 

88071317 

RB-1-HB5-SS1 

88071318 

RB-1-HB6-SS1 

88071321 

RB-1-HB6-SS2 

88071319 

RB-1-HB6-SS3 

88071320 

RB-l-MWl-SSl 

88071460 

RB-1-MW1-SS2 

88071461 

RB-1.MW2-SS1 

88071556 

RB-1-MW2-SS2 

88071557 

RB-1-MW2-SS3 

88071558 

RB-1-MW3-SS1 

88081769 

RB-1-MW3-SS2 

88081770 

908DPCI2-106 


TABLE  H-7 


WATER  SAMPLE  IDENTIFICATION  VERSUS  LAB  ID 
HAZARDOUS  WASTE  STORAGE  AREA 


RB-1-MW2-SW1 

88081571 

RB-l-MWl-GWl 

88092537 

RB-l-MWl-SWl 

88092534 

RB-1-MW2-GW1 

88092535 

RB-30-MW1-GW1 

88092536 

RB-1-MW3-GW1 

88092643 

RB-1-MW3-GW2 

88102961 

RB-1-MW3-SW1 

88102957 

908DPC12-106 


CASE  NARRATIVES 


QUALITY  CONTROL  SUMMARIES 
METHOD  BLANK  SUMMARIES 
CHAIN-OF-CUSTODY 


897DPC12/106 


CASE  NARRATIVE 

QUALITY  CONTROL  RESULTS  SUMMARY 
QC  REPORT  NO.:  BNA-W-0026-88 


Since  insufficient  sample  was  available  for  QC  purposes,  a  blank 
was  designated  as  the  QC  sample  for  this  batch.  A  sufficient  portion  of 
the  first  base  neutral  extract  of  the  MSD  was  spilled.  Rather  than 
restart  the  extraction,  the  technician  continued  with  the  procedure. 

This  should  not  happen  in  the  future.  This  caused  low  recoveries  in  the 
spike  duplicate  and  high  RPD’s  in  the  spiked  sample  set.  Subsequent 
spiked  blank  sets  (see  QC  Report  BNA-W-0025-88)  gave  results  that  met 
EPA  QC  quidelines,  with  the  exception  of  slightly  low  recoveries  for 
acenaphthene.  This  should  not  affect  the  quality  of  the  sample  data. 


88-A1-RICK0535  1 


CN-FRM02 


CASE  NARRATIVE 

QUALITY  CONTROL  RESULTS  SUMMARY 
Samples  No.:  88061106-88061124 
QC  REPORT  NO.:  BNA-S-0018-88 


The  sample  selected  to  be  the  matrix  spike  and  matrix  spike 
duplicate  for  method  SW8270  contained  large  amounts  of  hydrocarbon. 
Even  after  dilution,  the  sample  contained  interferences  that  made  spike 
data  inaccurate.  A  spiked  blank  and  duplicate  were  analyzed  for  this 
set  of  samples.  The  percent  recoveries  of  all  spiked  compounds  were 
within  EPA  recommended  guidelines  but  three  of  the  base  neutral  relative 
percent  differences  were  above  EPA  recommended  limits. 

Samples  88061114-88061116  were  analyzed  as  high  level  samples 
because  of  high  concentrations  of  hydrocarbons.  High  level  extracts  of 
sample  88061117  were  used  as  QC  for  these  samples.  The  values  reported 
for  88061117  are  from  a  low  level  analysis  of  this  sample. 


88-A1-RICK0012  1 


CN-FRM01 


CASE  NARRATIVE 

QUALITY  CONTROL  RESULTS  SUMMARY 
QC  REPORT  NO.:  BNA-S-0032-88 
QC  REPORT  NO.:  BNA-S-0032-88B 


Analysis  of  matrix  spike  samples  for  this  batch  resulted  in 
recoveries  of  several  compounds  that  were  higher  than  EPA  QC  limits,  and 
a  high  RPD  for  pentachlorophenol.  Analysis  of  spiked  blanks  resulted  in 
a  slightly  low  recovery  for  1,2,4-trichlorobenzene  and  high  RPD's  for 
both  dichloro  and  trichlorobenzene.  The  analytical  data  for  these 
analyses  was  closely  examined  and  no  problems  were  discovered. 


88-A1-RICK0556  1 


CN-FRM02 


CASE  NARRATIVE 

QUALITY  CONTROL  RESULTS  SUMMARY 
Samples  No.:  88061106-88061120 
Samples  No.:  88071315-88071333 
WORK  ORDER  NO.:  696 


The  nature  of  the  sample  used  for  matrix  spikes  required  it  to  be 
diluted  for  analysis.  This  brought  the  spiking  levels  of  the  matrix 
spiking  compounds  below  the  practical  quantitation  limit,  making 
quantitation  uncertain.  Analysis  of  laboratory  control  samples  showed 
the  laboratory  to  be  in  control. 


Endrin  recovery  from  one  of  the  spiked  blanks  is  higher  than  ES 
Laboratory  control  limits. 


88-A1-RICK01 11  1 


CN-FRM0 1 


CASE  NARRATIVE 

QUALITY  CONTROL  RESULTS  SUMMARY 
Samples  No.:  88061106-88061120 
Samples  No.:  88071315-88071333 
WORK  ORDER  NO.:  730 


The  nature  of  the  sample  used  for  matrix  spikes  required  it  to  be 
diluted  for  analysis.  This  brought  the  spiking  levels  of  the  matrix 
spiking  compounds  below  the  practical  quantitation  limit,  making 
quantitation  uncertain.  Analysis  of  laboratory  control  samples  showed 
the  laboratory  to  be  in  control. 


88-A1-RICK0106  1 


CN-FRM01 


CASE  NARRATIVE 

QUALITY  CONTROL  RESULTS  SUMMARY 
SAMPLE  NO(S).;  88081769-88081770 

WORK  ORDER  NO.:  824 


The  samples  listed  above  did  not  receive  an  analytical  spike  for 
the  analyte  thallium.  This  was  due  to  an  oversight  by  the  analyst 
who  prepared  the  samples.  There  was  insufficient  sample  to  repeat 
the  digestion  with  the  proper  spike  added. 


89-RICK0824  1 


CN-FRM02 


CASE  NARRATIVE 

QUALITY  CONTROL  RESULTS  SUMMARY 
SAMPLE  NO(S).:  88092533-88092538 

WORK  ORDER  NO.:  1011 


The  samples  listed  above  did  not  receive  an  analytical  spike  for 
the  analyte  thallium.  This  was  due  to  an  oversight  by  the  analyst 
who  prepared  the  samples.  There  was  Insufficient  sample  to  repeat 
the  digestion  with  the  proper  spike  added. 


89-RICK0818  1 


CN-FRM02 


CASE  NARRATIVE 

QUALITY  CONTROL  RESULTS  SUMMARY 
SAMPLE  NO(S).:  88092642-88092643,  88092646 

WORK  ORDER  NO.:  1032 


The  samples  listed  above  did  not  receive  an  analytical  spike  for 
the  analyte  thallium.  This  was  due  to  an  oversight  by  the  analyst 
who  prepared  the  samples.  There  was  insufficient  sample  to  repeat 
the  digestion  with  the  proper  spike  added. 


89-RICK0821  1 


CN-FRM02 


CASE  NARRATIVE 

QUALITY  CONTROL  RESULTS  SUMMARY 
QC  REPORT  NO.:  AAF-W-0040-88 


The  Relative  Percent  Difference  for  arsenic  is  not  calculated 
since  the  sample  values  are  less  than  five  times  the  reporting  limit. 
Acceptable  RPD  in  this  case  is  defined  as  duplicate  values  within  one 
detection  limit  of  each  other. 


Lead  QC  for  furnace  is  applicable  only  to  sample  no(s).  88092534, 
88092556,  88092558,88092686,  88092692,  88092641-88092644,  88092650- 
88092651  and  88092646. 


89-R1CK0790  1 


CN-FFM02 


CASE  NARRATIVE 

QUALITY  CONTROL  RESULTS  SUMMARY 
Samples  No.:  88061115.  88061117,  88061119 
QC  REPORT  NO.;  ICP-S-0017-88 


Spike  recovery  outside  acceptable  limits  for  this  batch  of  samples 
prepared  on  August  5,  1988  is  attributed  to  the  spiking  solution  and 
procedure  used  and  not  to  sample  matrix  interference.  Analytical  (post¬ 
digest)  spikes  performed  at  the  time  of  the  analysis  resulted  in 
acceptable  levels  of  recovery,  unless  noted  below: 


Beryllium  -  Analytical  spike  recovery  -  60X 


88-A1-RICK0208  1 


CN-FRM01 


CASE  NARRATIVE 

QUALITY  CONTROL  RESULTS  SUMMARY 
Samples  No.:  88071458-88071461,  88071477-88071478 
QC  REPORT  NO.:  •  ICP-S-00 19-88 


Spike  recovery  for  this  batch  of  samples  prepared  on  July  25,  1988 
is  att.'ibuted  to  the  spiking  solution  and  procedure  used  and  not  to 
sample  matrix  interference.  Analytical  (post-digest)  spikes  performed 
at  the  time  of  the  analysis  resulted  in  acceptable  levels  of  recovery, 
unless  noted  below: 


Viilver  -  Analytical  spike  recovery  -  64% 


38-A1-RICX0207  1 


CN-FRM01 


CASE  NARRATIVE 

QUALITY  CONTROL  RESULTS  SUMMARY 
QC  REPORT  NO.:  ICP-S-0041-88 


The  Relative  Percent  Difference  for  chromium  is  not  calculated 
since  the  sample  values  are  less  than  five  times  the  reporting  limit. 
Acceptable  RPD  in  this  case  is  defined  as  duplicate  values  within  one 
detection  limit  of  each  other. 


Lead  QC  by  ICP  is  applicable  only  to  sample  no(s).  88081769, 
88081770,  88081775-88081778,  88081780,  88081783,  88081891,  88081893- 
88081894  and  88081918-88081919. 


89-RICK0803  1 


CN-FRM02 


CASE  NARRATIVE 

QUALITY  CONTROL  RESULTS  SUMMARY 
Samples  No.:  88071460-88071461,  88071477-88071478 
QC  REPORT  NO.:  OCP-S-00 18-88 


Endrin  aldehyde  and  Kepone  were  not  recoverable  because  they  were 
removed  by  the  alumina  column  clean-up  used  on  these  samples. 


88-A1-RICK0322  1 


CN-FRM0 1 


CASE  NARRATIVE 

QUALITY  CONTROL  RESULTS  SUMMARY 
Samples  No.:  88081762-88081765 
Samples  No.:  88081769-88081770 
QC  REPORT  NO.:  OCP-S-0026-88 


Gamma-BHC  in  the  matrix  spike  duplicate  sample  for  this  batch  was 
masked  by  an  unknown  interference.  Thus,  the  percent  recovery  and 
relative  percent  difference  could  not  be  calculated  for  this  compound  in 
this  QC  set.  Spiked  blanks  were  analyzed  and  the  results  were  within 
EPA  quidelines. 

Heptachlor  epoxide  was  inadvertently  used  instead  of  heptachlor  in 
the  matrix  spiking  solution, 

Endrin  aldehyde  and  Kepone  were  not  recoverable  because  they  were 
removed  by  the  alumina  column  clean-up  required  by  these  samples. 


83-A1-RIC:<0J460  1 


CN-FRM01 


CASE  NARRATIVE 

QUALITY  CONTROL  RESULTS  SUMMARY 
EPA  METHOD  8240 
WORK  ORDER  NO.:  1011 


The  8240  analysis  of  samples  88092538  and  88092539  were  performed 
less  than  two  hours  after  the  expiration  of  holding  time.  The  first 
analysis  of  sample  88092536  showed  a  quantity  of  benzene,  xylene  and 
ethyl  benzene  that  was  above  the  calibrated  range.  It  was  not  analyzed 
again  until  about  one  month  later,  when  another  vial  with  the  same  label 
was  analyzed.  This  analysis  (performed  three  times)  showed  only  a  small 
amount  of  benzene  and  no  detectable  amounts  of  xylenes  or  ethylbenzene. 
Examination  of  the  chromatograms  and  spectra  indicate  a  hydrocarbon 
envelope.  If  there  had  been  a  lens  on  the  surface  of  the  first  bottle, 
that  would  explain  this  phenomenon.  Results  of  the  second  analyses  are 
presented  in  this  report. 


89-RICK0865  1 


CN-FRM02 


CA'SE  NARRATIVE 

QUALITY  CONTROL  RESULTS  SUMMARY 
Sample  No.:  88071571 
QC  REPORT  NO.:  OCP-W-0019-88 


Insufficient  sample  was  available  for  quality  control  purposes. 
The  laboratory  control  sample  is  designated  as  a  quality  control  sample 
for  this  batch. 


Endrin  aldehyde  and  Kepone  were  not  recoverable  because  they  were 
removed  by  the  alumina  column  clean-up  used  on  these  samples. 


Heptachlor  epoxide  was  accidently  substituted  for  Heptachlor  in 
the  matrix  spiking  solution. 


88-A 1-RICK0325  1 


CN-FRMO 1 


QUALITY  CONTROL  RESULTS  SUMMARY 
EPA  METHOD  8240 
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QUALITY  CONTROL  RESULTS  SUMMARY 
EPA  METHOD  8240 
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(MS  +  MSD)/2  MSD  =  Spike  Duplicate  NO  =  Not  Calculated 

SR  =  Sample  Result  ND  =  Not  Detected 

Percent  Recovery  (PR)  s  (MS  or  MSD) -SR  x  100  SA  =  Spike  Added  (Concentration) 
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SA  SR  =  Sample  Result 

SA  =  Spike  Added  (Concentration) 


QUALITY  CONTROL  RESULTS  SUMMARY 
METALS 


o 

O  OO  GO 

I  CO  00 

CO  oil 

I  rH  US  cr>  PO 

U.  -H  (\J  CM 

3  0  00  I  I  <  VO 

m  e  vo  OO  as  »- 


L. 

•  •  •  •  •  •  o 

••X  *0  *0 

o  a?  a>  o 

z  u  ••  >  4J  ra 

-tJ  fH  t.  U.  •• 

■o  ra  1-1  0)  o  0) 

s.  £  c  o  a  c  t. 
o  r>  0)  0)  o  3 
a,  0)  o:  os  1-4  -o 

®  r-!  •  4J  « 

ce  o,  u  V  a>  3  -H 

E  C  4J  4->  r-l  o 

o  10  o  ra  (0  1-4  £ 

Or  CO  cj  o  o  o  o« 


■o  •- 

(0  =r 

o 


iH  x: 
■o  >  O 
c  w  <0 

(0  0)  rH  • 

i-H  £  1-4  V-  T3 

«>  00  1H  o  c 

>  3  >  m  (0 

a»  I  1-4 

ir>  1-4  »-  tti  0) 

*-  O  r-4  O  *>  > 

V-  r-4  «-  1-4  0) 

J  CO  1-1  CTV  3  r-4 

cj  ui  eo  CO  o 


9-vo  c- 
S  C5  CJ 
™  00  00 
w  00  00 

f^oo  in 

o  r-  CO 

J®  r- 
i-  O  o 

p  OO  00 

•S  00  OO 
(0 


•  •  *  00 

o  -t*  w 

Z  B  ••  0) 

t>  C  B 
jO  iH  *i  -O 

O  r-4  -O 

-j  CJ  <:  < 


fl>  TJ 
r-4  a> 

X>  *>  TJ 
<0  CD  « 
O  i-H  *J 
-r4  3  O 

1-4  O  «> 

O.  r-4  4J 
O,  CD  0) 


X>  4J 

o  o  o 
z  z  z 


<00 

z  z  z 


u 

• 

II 

•o 

m 

Q> 

•D 

x: 

o 

Q> 

o 

4^ 

CO 

tc 

L. 

O 

4^ 

a 

• 

• 

CO 

0) 

0) 

•D 

•o 

o 

0) 

0) 

0) 

c 

JC 

x: 

> 

0) 

<0 

o 

o 

•H 

t. 

•H 

<D 

CO 

a; 

Ip 

(0 

Cm 

0) 

.P 

4^ 

L. 

Cm 

L. 

<0 

(0 

u 

•H 

3 

CO 

o 

4i> 

*0 

•o 

z 

(0 

c 

c 

•rH 

0) 

0) 

V 

c 

Q 

00 

tiO 

CO 

a> 

B 

a> 

0) 

(0 

c; 

u 

J 

u 

L. 

a> 

0) 

0^ 

0) 

cu 

0) 

0) 

a> 

M 

CO 

CO 

CO 

0) 

> 

II 

II 

II 

■r4 

•  • 

4J 

UJ 

z 

< 

CO 

H 

rH 

O 

a> 

z 

tc 

Percent  Recovery  (PR)  =  SSR  -  SR  x  100  SSR  =  Spiked  Sample  Result 

SA  SR  =  Sample  Result 

SA  =  Spike  Added  (Concentration) 


O  OO  OO 

I  CO  CO 

CO  U  I  I 
I  iH  «  in  CO 
aC  -.H  'v  <M  CM 

So  bO  I  I  <«  vO 

m  E  vo  CO  ss  <- 


•  •X  "O 

O  •'<  9> 

SE  t.  ••  > 
4J  -H 
(0  0) 
t.  z  c  o 
O  3  0» 
o.  V  ce 

a;  i-i  • 

os  a  o  0) 
E  c  M 
O  10  o  <0 

O  CO  cj  Q 


t- 

••  o 

T3 

t)  O 
4J  (0 
t*  Cju  •> 
O  4) 
a  c  u 

V  O  3 
a: 

JJ  10 
«)  3  -H 
+J  iH  o 
10  "H  s: 
o  O 


0)  tJ 
1-4  « 

X>  -O  T3 
(0  CO  V 
O  fH  4^ 

•H  3  o 
•H  O  V 
0.1-1 
O.  (0  o 
<  cj  a 

43  *3 

o  o  o 
2  as  as 


■<  CJ  o 


■o  «- 

«o  a- 

o  a 

os 


•o  >  o 

c  n  (0 

(0  o  r^  • 
r-l  £  i-t  -O 

«  00  -4  o  c 


• 

3  V 

CO 

4> 

o 

10  O 

•rH 

C 

» 

41  C 

CO 

o 

H 

ca  o 

CD 

o 

.C 

c 

C 

4)  ^ 

o 

o 

f-l  rH 

.r4 

•H 

a  3  TO 

sz 

43 

B  n  o> 

te 

(0 

CD 

(0  41  *0 

•*-« 

t. 

U 

CO  Z  Tl 

43 

43 

< 

c 

c 

T3  4) 

1 

4> 

4>  i-l  4> 

>s 

O 

O 

iC  C3.3£ 

u 

C 

c 

.H  e  4-1 

*o 

o 

o 

o.  (0  a. 

CD 

u 

o 

CO  to  to 

M 

II 

II  II  II 

c 

o 

OJ 

z  o:  < 

o 

o 

to  to  lO 

•o 

to 

o; 

o 

c 

o 

a> 

CO 

a> 

X 

u 

i  ^ 

rvj 

Q> 

CM 

1  ^ 

CJ 

4<-S 

1  (D 

1 

CJ 

o 

'  W 

+ 

rH 

u 

3 

T" 

o 

CO 

o 

o 

0) 

u  • 

II 

*“ 

o 

*  00 
^  Ji? 

g.vo 
S  o  o 

^  00  CO 
M  00  OO 
'  • 
p  00  in 

^  cn  ^ 


01 

X 

«» 1 

(V 

rH 

c 

o 

’ — 

»-*  on 

m 

rH 

o> 

0) 

0) 

43 

u 

fH 

o 

43 

> 

<D 

vO 

rH 

0) 

o 

Cm 

o  o 

4-3 

CO 

•H 

cy> 

3 

rH 

1-4 

O 

00  OO 

O 

u 

CO 

CO 

O 

OS 

JZ 

(0 

00  00 

•  • .  V) 

O  43  n 

Z  C  .•  4) 

V  C  t- 
S3  *J  to 

O  r-H  4J  to 

-S  O  <  <C 


•  a> 

T3  JS 

Q 

0)  o 

Qu 

CO 

43  (D 

o: 

L.  43 

1 

< 

O  43 

CO 

D.  CD 

a> 

PS 

o 

CO 

U  Q) 

c 

CO 

> 

0) 

CO  •H 

L* 

II 

1-f  43 

4; 

CO 

/-N 

Q 

0)  L. 

Cm 

cc 

u  s. 

a« 

o 

3  CD 

o 

'w 

M 

43  3S 

OS 

10 

43 

>% 

T 

•«-<  q; 

C 

u 

O  CO 

41 

4> 

<• 

B  CD 

O 

> 

T 

o 

L. 

O 

00 

4J 

o 

00 

01 

Ou 

0} 

0) 

cc 

M  00 

4; 

> 

43 

II 

•H 

c 

•  • 

43 

a> 

U]  < 

CD 

o 

H 

rH 

u 

O 

0) 

V 

Z 

00 

a« 

QUALITY  CONTROL  RESULTS  SUMMARY 
METALS 


CO 

ST 

O 

s: 

oc 

Uw 

I 

O 

o 


Percent  Recovery  (PR)  =  SSR  -  SR  x  100  SSR  =  Spiked  Sample  Result 

SA  SR  =  Sample  Result 

SA  =  Spike  Added  (Concentration) 


o  oo  oo 

I  oo  oo 

(O  C3  I  I 

I  i-t  oo  ro 

It.  V.  o  rvj 

<  Q  00  I  I  .t 
<<  OT  e  C-  OO  Z  fV 


t. 

••  ••  ••  o 

••X  •o  ID 

O  -H  O  0)  C 

S5  u  ••  >  43  (0 

43  43  <f-l  U  Urf  •• 

43  (0  •H  a>  o  0) 

L.  z  c  o  a  c  u 

O  3  «l  41  O  3 

Q»  4)  04  oe  •H  43 

4)  iH  •  43  (0 

04  Q.  O  4)  4)  3  •H 

6  c  43  43  «H  o 

O  <0  O  <Q  <0  •*-!  £ 

O  GO  o  Q  a  Q 


•O  ^ 

(0  ^ 

O  sf 

04 


•H  x: 

TJ  >  o 

C  CO  (0 
(D  4)  r-l  • 
fH  J4  i-t  *3 

4)  U)  -H  O  C 

>  3  >  on  <4 

4>  X  rH 

in  I-H  4)  4) 

*-  U  i-H  O  43  > 

f-  ^  r-  hH  4) 

J  CO  •«-»  0>  3  rH 

U  UJ  m  r-  CO  O 


*  m  m 

JS  00  00 
00  00 

?>  00  o 

J-  ,-  vO 

O  fn 

J®  ^ 


«  • 

•  • 

•  • 

u 

• 

•  • 

CO 

43 

0 

0 

43 

10 

a 

a 

z 

c 

•  •  4) 

4> 

4> 

4> 

c  u 

•0 

2 

x> 

•fH 

43  TJ 

0 

0 

43  T) 

1. 

u 

•-J 

u 

<  < 

Ou 

cr 

<VJ  O  O'  o 
o\  2  m  ON 


*  cn  •  ^ 
r:  ^  o  V 


^  m  CM 

^  m  CM  fo 

i/\  •  •  • 

CM  r-  \0 


^  ^ 

ON  •  <— 

O  V 


*  in  •  f- 

^  ^  Q  v 


4)  TJ 

r-l  4> 

.0  4>  *0 
CD  (0  4> 
O  r-4  43 
•H  3  O 
rH  O  4) 
Oi  1-4  43 
0.  (0  4) 

<00 

43  43  43 

000 

2  Z  2 


<  u  o 
2  2  2 


43 

(0 

JL 

43  43 

1-4  C 

3  4) 

CO  O 

O  C 

X  O 

O 

4>  43  ^ 


O  ^  O 


00  00  CO  00 
CO  00  00  00 

I  I  I  I 


CM  rvj  CM  CM 

fill 


GO  00  00  00 
00  00  00  00 
fill 
CM  CM  VO 
CM  CM  CM  CM 

lilt 


<n  cn  m  CO 
ro  on  ro  CO 
m  CO  m  m 

t-  t-  h- 

0000 

CO  00  CO  00 

CO  00  00  00 


CO  CO  CO  CO 
CO  CO  no  CO 
CO  CO  CO  CO 

t-  t--  t-  c^ 
0000 
CO  00  00  00 
00  CO  00  00 


C  C  1-4 
4^  T3  0)  f-H 
to  CD  CD 
t.  4)  4>  X 
<  U  00  H 


43 

•H 

0.  3 

*3 

X 

43 

43 

B  n 

4) 

DO 

CD 

CO 

(0  a> 

TJ 

•H 

1. 

u 

CO  z 

TJ 

4> 

43 

43 

< 

C 

c 

T3  o» 

1 

4) 

4> 

0)  iH 

4> 

0 

0 

jsic  a 

t. 

C 

C 

•w  E 

•0 

0 

0 

0.  (0 

a 

CD 

0 

u 

CO  CO 

CO 

C 

11 

II 

M  II 

II 

0 

«— 

CM 

z  « 

< 

•0 

u 

a 

CO  CO 
CO 

CO 

•o 

X 

» 

4) 

•o 

JC 

O 

2 

4) 

0 

a 

CO 

43 

(D 

2 

U 

43 

1  < 

0 

43 

CO 

a  • 

(D 

• 

4> 

2 

4>  *0 

TJ 

0 

CO 

T— 

L.  a> 

41 

41 

C 

CO 

.c 

> 

x: 

4; 

CM 

10  0 

•H 

0 

L. 

II 

•H  CD 

43 

CD 

41 

43 

CD 

43 

Cm 

rf-N 

0 

4)  43 

U 

43 

Cm 

2 

U  CD 

U 

(D 

i-t 

a 

0 

i  3 

CD 

0 

M 

|43  *0 

2 

-o 

2 

CO  C 

C 

43 

>» 

1 

•H  4> 

4) 

4> 

C 

0  DO 

CO 

DO 

4) 

4> 

i< 

B  4) 

CD 

4> 

0 

> 

1 

U 

L. 

0 

00 

«4 

41 

0 

00 

4t 

4) 

a 

4> 

Icm  4> 

4) 

4) 

2 

M  CO 

CO 

CO 

4) 

> 

43 

It 

It 

It 

•w 

C 

•  • 

43 

4) 

U]  2 

< 

«t 

(D 

0 

(-> 

»-H 

L. 

0 

4) 

4) 

Z 

2 

a 

QUALITY  CONTROL  RESULTS  SUMMARY 
METALS 


I 


o  oo  oo 

I  CO  oo 

CO  U  I  I 

I  r-l  Sli  oo  cn 

X  -H  O  (M 

>  Q  ClO  I  I  <  T- 

CJ  OT  e  t-  00  2  CM 


u 

■  •  •  •  • «  o 

••X  TJ  TJ  4J 

o  «>  o 

Z  t.  ^  (D 

•**  t«  tiu  •• 

^  (0  -H  0)  O  0) 

1.  X  c  u  a  c  fc. 

O  =3  u  a>  O  3 

QU  4)  00  00  tH  43 

0)  r-t  •  43  n 

00  Q.  O  «  «>  3  -H 

B  C  43  43  i-H  o 

O  <0  o  <0  <0  X 

O'  CO  U  O  O  O 


T? 

<0 

O 

oe: 

CD 

O 

» 

o 

z 

0) 

•H 

<c 

•r^ 

x: 

•o 

> 

o 

i. 

c 

(0 

a; 

(0 

rH 

«• 

.SC 

-C 

■o 

o 

0) 

00  -rt 

o 

c 

(D 

> 

3 

> 

m 

(0 

.O 

X 

rH 

c 

m 

rH 

0) 

0) 

0) 

u 

O 

> 

rH 

•»-« 

a> 

a 

CO 

o> 

D 

rH 

•iH 

u 

UJ 

CD 

CO 

o 

ce 

•  •  n 

43  n 

C  •>  01 
0>  C  I- 
•H  43  -O 
r-t  43  -O 
t)  <  «< 


^  ro  lO 
®  m  CO 

rH  ^  ^ 

S*  c- 

^  00  00 
00  OO 
•  ' 
'*•00  o 
J-  ^  vO 
O  pr,  m 

f-  c- 
^  o  o 
o  oo  00 

m  00  00 

(0 
rJ 


V  -a 

r-t  0) 

X3  *3  TJ 
<0  (0  «> 
O  r-t  43 

-n  3  O 
<-t  O  0> 
Q.i-t  43 

a  CO  a> 

<  CJ  Q 

43  43  43 

o  o  o 
z  z  z 


•i:  cj  o 

z  z  z 


n 

0)  0 

•<H 

c  s 

(0 

0  t-* 

(D 

,o 

B  B 

0  0 

•rt  "rt 

4C 

43  43 

to 

(0  (0 

•*-1 

L.  U 

0) 

43  43 

B  C 

1 

0)  at 

>» 

0  0 

1. 

B  B 

•0 

0  0 

C3  0 

<0 

II  II 

c 

0 

•-  CM 

0  0 

•0 

0; 

0 

c 

0 

q; 

to 

a> 

X 

S.4 

a 

CM 

Q> 

CM 

L. 

CJ  ^ 

(Q 

CM 

1  CJ 

0} 

4^ 

*- 

rH 

0 

3 

to 

0 

a> 

u 

• 

II 

•o 

•> 

4; 

-o 

x: 

0 

Q> 

0 

Qu 

<0 

OC 

L. 

NmT 

0 

'a 

(0 

0) 

0) 

0 

u 

4) 

c 

> 

a> 

9) 

•H 

u 

•fH 

a> 

<0 

4-1 

0) 

L. 

1  L. 

U 

fH 

1 

CO 

0 

z 

(0 

43 

•H 

V 

c 

Q 

0) 

0) 

E 

(D 

0 

U 

t. 

a; 

V 

cu 

(m 

4> 

to 

0) 

> 

If 

•H 

Percent  Recovery  (PR)  =  SSR  -  SR  x  100  SSR  =  Spiked  Sample  Result 

SA  SR  =  Sample  Result 

SA  =  Spike  Added  (Concentration) 


QUALITY  CONTROL  RESULTS  SUMMARY 
METALS  M 


O  00  CO 

I  CO  00 

cn  oil 

I  iH  t-  <\J 

ft-  V  (M  ^ 

U  O  00  I  I  c 
M  CO  E  ON  Z 


L. 

••  o 
*0  ^ 
a>  o 

4^  10 

L.  (JU  •« 

o  o 
a  c  1- 
0)  O  3 
a:  •H  ^ 

*y  to 

0)  3 

^  fH  o 

(0  •H  £ 

o  o 


no  sr  iS*  m  00 
‘  CO  ON  r-  00  oo  CO  , 


<\IONO\OONONfVJ»" 

•  •  •  ‘ON  • 

*00 

csjinuNAViP^irvsa'oo 


o^ooNcnnooco 

•  •••••• 

so^«-o:a-«-t-ON 

VQVf-«-*-V5r 


in  *  *  fy  CO  ir> 


Of\JO<\JO«-Ob- 

•  •••••» 

\o  ^  t-rjiAfOr-m 

o 


Oi^ooNOomooo 

•  ON  •  •  •  •  •  • 

^ 

N/  •  V 

o 


w 

^  V  V 


oooooooo 


0)  *0 
<H  0) 

4^  *0 

<0  (0  o 

O  rH  4> 
•HOC 
rH  O  O 
ai-i  4> 
O.  CO  o 

<  o  a 

4>  4^ 

o  o  o 

2  S  Z 


<  o  o 


c-  t«- 
•  o  o 

n  CO  00 

2  00  00 


(0 

i3* 

V-i» 

o 

ST 

o  •  « 

oc: 

CO 

*  o  m  \o 

o 

,,  O  «-  vO 

O 

z 

^  m  m  m 

4) 

•r4 

< 

•H 

x: 

g"  r- 

*0 

> 

o 

s- 

g  o  o  o 

c 

(0 

(0 

41 

,2  00  00  00 

CD 

V 

fH 

• 

w  00  00  00 

r4 

x: 

rH 

•o 

o 

^  1  1  1 

m 

o 

00  *^4 

o 

c 

(0 

a-  m  <M 

o 

> 

3 

> 

m 

(0 

Jr  o^ »-  vO 

• 

o 

SC 

r4 

C 

o  a  in  in 

m 

r— 

4> 

O 

o 

u 

r4 

o 

4> 

> 

<0 

fH 

»* 

•H 

a> 

o 

J;  O  O  O 

CO 

•H 

On 

3 

rH 

O  OO  00  00 

u 

u 

CQ 

CO 

o 

OS 

"  00  00  00 
Cv 

L. 

o 

Cm 

•  • 

•  • 

•  • 

L. 

• 

*  • 

V) 

4> 

o 

o 

4> 

to 

o 

a 

z 

c 

•  • 

4> 

o 

4) 

C 

L. 

z 

X3 

•»4 

4J 

•o 

o 

o 

fH 

4> 

•o 

L. 

o 

o 

< 

< 

0- 

o 

4J 

<0 

t- 

4>  4^ 

r-l  C 

3  0> 

to  O 

0)  C 

Z  O 

O 

^  w 

rH  r4 

a  3  *o 

E  Cf)  O 

(0  0)  *o 

CO  «  TJ 

•o  a> 

a>  rH  4) 

a 

•H  E 
a  CO  a 

CO  CO  CO 


z  z  < 
CO  CO  CO 
00 


On  On  On  on  On  On  O  On 

OOOOOOOO 

oooooooocooocooo 

QOOOCOOOOOOOOOOO 


ON  On  On  On  On  On  On  On 


oocooococoooooco 

oooooooooooooooo 

H 

>*  3  B 

C  •«-4  E  3 

O  fH  3  -H  U  I-H  u 

E  <-H  •H  E  o  0)  a> 

•*-t>>eocLjiC>o 

4>  1.  *0  Cm  O.  O  r-f  C 

c  <y  COX! 

<CQUOUZCOfNl 


I’D 

o 

OC 

4) 

cx. 

CO 

!4> 

oc 

1  c- 

1  <c 

'  o 

CO 

i  o.  • 

• 

4> 

z 

1  Q)  -O 

T? 

o 

CO 

L.  4) 

4) 

c 

CO 

1  x: 

x: 

Q> 

C-- 

M  o 

o 

t. 

II 

CM 

.•H  <0 

CO 

4> 

O 

4J 

43 

Cm 

<<-s 

US 

4)  43 

4^ 

Cm 

z 

o 

Im  CO 

CO 

z 

AH 

1  3 

o 

Z 

i43  *0 

•o 

1 

10  c 

c 

43 

i*r4  4> 

4) 

c 

L. 

< 

O  00 

C30 

4> 

4> 

1  E  0> 

4> 

O 

> 

00 

1. 

O 

00 

4) 

o 

'  4^ 

4; 

ft- 

4> 

Cm  4> 

4) 

Z 

IM  CO 

CO 

4) 

> 

43 

f-t 

c 

.  •  • 

43 

4> 

CO 

O 

H  OO 

z 

1*4 

U 

O 

4) 

41 

'z 

OC 

Z 

QUALITY  CONTROL  RESULTS  SUMMARY 
METALS 


2  ^  00 
^  1..^ 


C-  <\1  t  VO 
*“  •  ^  ro 

•  m  ^  • 

‘f'  -  o  ^ 


o 

o  oo  00 

I  oo  CO 

tn  oil 

I  fO 

(r.  ^  <V1  •- 

SO  bO  I  I  <C 
OT  E  t-  O'  2 


t- 

•  •  • •  ••  O 

•  •X  "O  TJ  -P 

OP  a»  «  o 

Z  .«  >  4^  (0 

P  P  p  t>  bu  •• 

p  (0  P  o  o  v 
(.  X  c  o  a  c  c 

o  =>  o  «  o  3 

0.4)  «  2  p  P 

®  P  •  P  w 

OS  O.  O  4)  O  3  p 

E  C  P  P  p  O 

o  <0  o  ra  a  p  £ 

O'  CO  o  o  o  a 


4»  •o 
P  4) 

P  p  -o 
(0  a  V 
o  P  P 
P  3  o 
P  O  4) 
Q,  P  P 
O.  <0  4> 
<  O  Q 

p  P  P 

o  o  o 

2  2  2 


<  u  o 


.  ro  v  V 

ifi  »- 


^0^0 
V  >  ^  V  * 


o  o  ^ 

VO  CM  ia-  it 
O  ij-  00 


•o  •- 

(0  If 

o  ^ 


oe 

(3 

a 

o 

z 

4) 

•H 

< 

•H 

s: 

T3 

> 

o 

L. 

C 

ffi  (Q 

4) 

(0 

4>  iH 

• 

fH 

X2  fH 

•o 

O 

lA 

4> 

00  *H 

o 

c 

(0 

O 

> 

3  > 

m 

<Q 

• 

4> 

X 

rH 

C 

in 

rH 

4) 

4> 

4; 

o 

•H  O 

> 

rH  ^ 

41 

C 

CO 

ON 

3 

>•-4 

u 

UJ 

CO 

U 

PC 

O  .  . 

*  o  m  vo 
o  vO 

*  ir>  ir>  m 


•  •  •  <0 

o  ^ 

z  c  ^ 

4)  C  k. 
jO  4^  T3 

O  fH  T3 

O  <  «C 


^  ^ 

^  o^  ^  o^ 
^  ^  ^ 
4F» 

t-  t--  t- 

o  o  o  o 
GO  oo  oo  oo 
OO  OO  OO  00 


0>  0>  ON  ON 


o  o  o  o 

OO  oo  CO  CO 
GO  oo  00  CO 


C  C  r-» 
4^  T?  0?  »-♦ 
CO  <0  fH  CS 

u  o;  a>  £ 
<  J  CO  H 


Percent  Recovery  (PR)  =  SSR  ~  SR  x  100  SSR  =  Spiked  Sample  Result 

SA  SR  s  Sample  Result 

SA  =  Spike  Added  (Concentration) 


QUALITY  CONTROL  RESULTS  SUMMARY 
METALS 


o 

o 

O  OO  OO 

I  00  CO 

CO  oil 

I  iH  M  C\J 
X  -H  <\J  •- 
>  O  00  I  I  < 
O  CO  E  t-  CJN  z 


•  •X  TJ 

O  0) 

Z  L.  > 

4^  4^  f-4 
4>  (0  -H  0) 
t.  X  C  O 
O  =>  V 

o>  o  « 

a>  r-<  • 

Z  O.  O  V 
B  C  44 
O  <0  O  (0 
O’  CO  u  o 


c. 

••  o 

XJ  4l 

0)  o 

4>  (0 

u  (L  •• 

O  4> 
O.  C  L. 

a>  o  3 

Z  -H  4> 

4>  CO 

«>  3  -w 

43  rH  O 
<0  -rH  X 

o  a 


I# 


X>  43  -o 

(0  CO  a> 

O  rH  43 

•H  3  O 
I-C  o  « 
0.r-C  43 
O,  CD  0> 
<  O  Q 

43  43  43 

o  o  o 
z  z  z 


<  o  o 
Z  Z  z 


XJ 

<0 

o 

oc 

CD 

a 

s 

o 

2 

OJ 

•H 

< 

•H 

x: 

XJ 

> 

o 

L. 

c 

0)  (0 

OJ 

m 

0)  r-l 

• 

fH 

JC  r-4 

XJ 

o 

to  -H 

o 

c 

<0 

o 

> 

3  > 

m 

(0 

• 

V 

X 

rH 

c 

m 

4> 

OJ 

0) 

U 

o 

4^ 

> 

rH  r— 

iH 

a> 

o 

vJ 

to 

CTh 

3 

rH 

fH 

o 

Ui 

m  ^ 

CO 

u 

OC 

*  O  lO  VO 
O  ♦-  VO 
®  m  if>  lo 


•  ••  CO 

o  43  n 

z  C  ••  4) 

vet. 

Xi  -rH  43  -O 

O  r-C  43  TJ 

•-a  CJ  <  < 


to 

a> 

o 

fH 

c 

3 

CO 

o 

H 

(D 

c 

C 

o 

O 

p 

s-l 

.C 

p 

43 

00 

(0 

CD 

|••H 

k. 

t. 

0) 

p 

43 

.  at 

c 

c 

1 

0) 

V 

I  >> 

o 

o 

u 

c 

c 

Ixj 

o 

o 

o 

o 

(0 

II 

M 

c 

o 

cvj 

o 

o 

XJ 

a> 

p 

o 

c 

o 

0> 

CO 

0) 

X 

u 

Q. 

fVJ 

0) 

(NJ 

L. 

o 

(0 

fV 

1 

o 

CO 

P 

r- 

+ 

rH 

o 

3 

10 

o 

0) 

u 

II 

» 

XJ 

o 

0) 

Or 

p 

OS 

o 

a. 

a> 

OJ 

o 

k. 

c 

OJ 

10 

u 

p 

4) 

0) 

Cm 

L. 

fH 

3 

O 

P 

CO 

P 

fH 

c 

o 

OJ 

E 

o 

L. 

W. 

OJ 

Or 

Cm 

Percent  Recovery  (PR)  =  SSR  -  SR  x  100  SSR  =  Spiked  Sample  Result 

SA  SR  =  Sample  Result 

SA  =  Spike  Added  (Concentration) 


QUALITY  CONTROL  RESULTS  SUMMARY 
METALS 


oo 

oo 

I 

o> 


o 

o 

oo  oo 

rH 

<0 

1 

00  oo 

A 

(O 

o 

1 

1 

c 

1 

in 

Am 

Qu 

•H 

(M 

(M 

• 

CL 

O 

M 

e 

1  1 
OO 

NA 

o 

a 

< 

L. 

O 

CO 

•H 

> 

•  • 

1. 

u 

01 

•  • 

•  • 

•  • 

o 

a 

•  • 

•o 

•o 

3 

o 

0) 

01 

o 

W 

z 

L. 

•  • 

> 

(Q 

U. 

•  • 

>% 

(0 

•H 

0) 

o 

o> 

u 

t. 

z 

C 

o 

a 

c 

L. 

o 

o 

«> 

0) 

o 

3 

4J 

a 

z 

z 

•r4 

4^ 

CO 

V 

• 

4^ 

01 

t- 

z 

a  u 

a> 

0) 

3 

•H 

o 

E 

c 

O 

43 

(Q 

CO 

5 

(0 

o 

•fH 

a 

y 

%o 

CO 

as 


•o 

(0 

o 

os 


ST 

4* 


:» 

0) 


CD 

O 


^  OO 
vO 


^  sr 


1-C 

£ 

S- 1-  t^ 

•o 

> 

O 

i. 

m  O  O 

™  OO  OO 
W  oo  OO 

c 

CO 

(0 

o; 

(0 

0> 

• 

J= 

P'4 

•o 

o 

'  ' 

poo 

0> 

00  <1-1 

o 

c 

CO 

> 

3 

> 

m 

(0 

a 

o; 

X 

pH 

c 

m 

0) 

0> 

0> 

£ 

u 

o 

> 

1-^ 

•p< 

0> 

V 

^  o  o 

CO 

ON 

3 

•H 

O  oo  CO 

o 

UJ 

CO 

T“ 

CO 

o 

z 

•o  CO  oo 

c. 

o 

Cm 

a 

•• 

•  • 

•  • 

1. 

• 

•  • 

n 

a 

o 

o 

n 

o 

a 

z 

c 

•  • 

o> 

o> 

o» 

0> 

c 

1. 

•o 

z 

A 

•o 

o 

o 

4J 

•o 

u 

o 

o 

< 

< 

a* 

o 

QUALITY  CONTROL  RESULTS  SUMMARY 
METALS 


O  CO  CO 

I  CO  CO 

CO  oil 

S  -H  cvj  CM  ro 
>  Q  eo  I  I  <c  • 
O  CO  e  OO  <7>  Z  OO 


•o  TJ  ■ 

V  0) 

•  •  > 

4J  U  I 
•HO)© 
c  o  a 
Z>  0)  0) 
tc  (C  ‘ 

,  O  V  o 

C  I 

o  (0  a  • 

u  o  O  I 


0)  TJ 
fH  V 

x>  TJ 

(0  CD  0) 

O  rH 

1H  3  O 
I-*  O  4> 
a»H  jj 
CX  CD  0) 

<  o  o 

^  ^ 
o  o  o 
z  z  z 


<  CJ  o 
z  z  z 


4J  v\ 

■s 


■o  — 

(D  9 

o  sr 

cc 


•o  >  o 

c  m  (D 

CD  a»  r-t 

r-C  £  ^  TJ 

0)  U>  fl  o  c 

>  3  >  m  CD 

©I  l-l 

r-C  r-  tt)  ® 

CJ  r-l  O  4J  > 

r-<  r-  V 

CO  -rH  CT'  3  -C 

ua  CO  «-  CO  CJ 


a>  00 

<1.  I© 

®  a-  o 
rj  •-  CM 
9-  c^  GO 

™  00  oo 

OO  00 
CO  vC5 

Jr  ir>  oo 
O  a-  o 

•Jf  >-  CM 
?*  C~  00 
J;  O  O 
2  OO  00 


•  ••  (0 

o  4.>  <0 

2:  c  .. 

49  C  u 
i3  -H  4^  *0 

o  f-4 

•-9  O  <  ^ 


CO 

49 

o 

C 

at 

CO 

(0 

o 

H 

c 

o 

6 

•H 

x: 

43 

00 

<0 

<0 

•H 

L. 

L. 

0) 

43 

43 

c 

c 

1 

49 

49 

>» 

O 

O 

u 

C 

C 

T3 

o 

O 

CO 

a 

o 

c 

M 

II 

o 

<\9 

•o 

49 

u 

o 

43 

o 

c 

o 

49 

CO 

49 

L. 

a 

X 

OJ 

49 

C\J 

V. 

L. 

o 

(0 

OJ 

n 

1 

u 

43 

+ 

u 

D 

r— 

CO 

o 

49 

&. 

II 

• 

“O 

Q 

49 

Ou 

43 

oe 

L. 

O 

a 

49 

49 

O 

L. 

c 

49 

CO 

49 

Cm 

49 

Cm 

1. 

*r4 

D 

43 

o 

43 

•H 

c 

O 

49 

B 

O 

(. 

49 

Qu 

l-H 

49 

> 

•*“1 

•  • 

43 

U3 

<0 

H 

rH 

O 

49 

Z 

0£ 

Percent  Recovery  (PR)  =  SSR  -  SR  x  100  SSR  =  Spiked  Sample  Result 

SA  SR  =  Sample  Result 

SA  :  Spike  Added  (Concentration) 


sf 

O 

o  00  o> 

I  00  00 

(/)  oil 

I  .H  -H  vO  00 

04  lH  ^  <S  • 

o  o  w  I  I  «j;  <M 
MW  e  00  z 


•  •  ••  O 

73  TJ  4J 
9)9)0 
>  4J  «0 
•H  O4  •• 

0)0  <u 
u  o.  e  i-i 
01  OJ  o  d 

ptf  f-r  4J 
4J  (0 


A 

0. 

u 

0) 

9) 

0 

•H 

0 

t 

a 

c 

4J 

U 

rH 

0 

•“  il 

1 

<0 

CO 

0 

0 

s 

s 

•H 

a 

T3  ^ 

to 

5  O 

O;  *H 

•H  JS 

T3  >  O 
C  (0  <0 

to  0)  ^  *• 


in 

4> 

bO  M 

0 

w 

c 

<0 

^  ON 

0 

> 

3  > 

fO 

to 

Xi 

n  '® 

O' 

• 

o; 

X 

rM 

c 

S 

00 

m 

rH 

0) 

a> 

2  ® 

•-C 

0 

M  0 

4J 

> 

00 

0) 

u 

n  ^ 

0 

d 

CO 

CT' 

d 

•H 

a  ®0 

00 

(O  ^ 

to 

u 

OeS 

«  «> 

00 

•  ••  to 

o  ^  0) 

Z  C  ••  OJ 

q;  c  w 
^  •H  4J  *0 

O  4J  *0 

•1  o  <  < 


S5^^l^oooo^zmcJO' 

2?l'^O''^00O'^ZO' 


0-  — 


•  •••••••^« 

vv\/^rgf>jvoo^«-* 


•  *<C  * 

r«^  •  •CMOor^  •r^Zr^ 

iritAiACMCsimiT^m  irv 


O  U  O  O  O 

z  z  z  z  ^  z 


O^OC<>^<fOfO 


VV’V^tNifMV’OO^— < 


Q»nOO»/^OOOQQ 

.  •••••••  ^  ^ 

^vvv/vv/vv/''^ 


0000000000 


0)  "O 
M  9) 

^  *J  -o 
CD  0)  0) 
U  M  4J 
1-t  3  U 
M  U  « 
a  M  *j 
Q,  CO  U 

coo 

U  4J  JJ 

000 

z  z  z 


coo 

z  z  z 


00  00 
”00 
00  * 
^  00  00 

z  -  - 
o  w 

/II 

^  M  00 

g-00  00 
500 
,5  00  00 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

v£) 

vO 

xO 

so 

xO 

NO 

NO 

NO 

nO 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

OO 

00 

00 

00 

CO 

00 

00 

00 

00 

00 

1 

1 

r 

» 

f 

1 

1 

1 

1 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

^■4 

f 

1 

1 

1 

1 

1 

1 

1 

1 

••c 

*— 1 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

1 

00 

1 

00 

1 

00 

1 

00 

1 

00 

1 

00 

1 

00 

00 

1 

00 

1 

1 

tn 

1 

1 

MT 

1 

1 

1 

1 

-d’ 

1 

Mf 

1 

•0 

1  i 

1 

CM 

CM 

1 

CM 

1 

CM 

1 

CM 

1 

CM 

1 

CM 

1 

CM 

1 

CM 

1 

CM 

1  1 

o> 

ON 

o> 

o> 

a^ 

Os 

On 

OS 

ON 

ON 

vO 

vO 

\o 

so 

NO 

sO 

NO 

NO 

NO 

xO 

r*^ 

rv 

r** 

•■c 

•iC 

*>4 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

00 

00 

00 

00 

00 

00 

00 

CO 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

o^ 

o> 

os 

os 

Os 

os 

Cn 

On 

ON 

xD 

x> 

s£> 

sO 

sO 

sO 

NO 

xD 

xO 

n£> 

r*-. 

r*^ 

•-C 

00 

oo 

00 

00 

00 

00 

00 

00 

00 

00 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

00 

00 

00 

00 

00 

CO 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

O.  3  TJ 

S  ca  01 

CO  0)  "O 
W  DtJ  *0 

c 

•O  0) 

W  M  0) 
Q..!a: 
M  B  M 
O4  CO  O4 
WWW 


02  c 

WWW 


e 

>,3  B 

c  M  e  3 

O  M  3  1-t 
B  M  "H  B 
•H  >,  D  o 

4J  k4  T)  kl 

C  <U  CO  .3 


B 

3 

rH  Ul  M  O 

B  <U  0)  01 
O  O,  > 
W4  CO.  CJ  M 
COMM 


CJ  M  X) 
C  CO  CO 
M  X  0> 


CsQUOUZWNHiJ 


•0 

w 

q; 

u 

0 

c 

0 

to 

Q> 

X 

u 

Ou 

CM 

CM 

u 

CJ  <-N 

CO 

CM 

1  u 

to 

4J 

»-l  + 

1—4 

L> 

3 

0 

CO 

0 

0 

V 

t-l  • 

R 

•0 

X 

0> 

•o  jC 

0 

oe: 

9)  0 

Pu 

Oi 

4J  CO 

0:! 

U  4J 

1  < 

0  4-» 

CO 

a*  CO 

• 

9) 

02 

0) 

•o 

0 

CO 

I-I  9> 

a; 

c 

CO 

> 

01 

to 

0 

u 

n 

•H  JJ 

to 

9> 

CO 

4-) 

CM 

CM 

a;  u 

4J 

02 

0 

I-I  1-1 

CO 

•H 

04 

00 

3  to 

0 

Xm./ 

0 

i->  z 

•o 

X 

<0 

c 

4J 

>N 

0 

•H  0) 

01 

c 

u 

h- 1 

0  CO 

bO 

0) 

9) 

02 

a  CO 

9> 

u 

> 

1 

u 

u 

0 

O' 

9} 

0 

00 

9) 

9) 

Ou 

9) 

M-l  01 

9> 

oc 

M  CO 

KO 

o; 

> 

XJ 

•H 

e 

•  • 

u 

9) 

u 

CO 

u 

H  < 

z 

u 

0 

01 

0) 

z 

02 

0^ 

CO 

00 

I 

sf 

O 

o  00  O' 

I  00  00 

trt  oil 

I  1-4  vO  00 

fn  iH  ^  ^  C>J  • 

■<0^1  I  •<  C'l 

<  w5  a  CO  ^  z 


u 

••  ••  o 

..X  T>  "O  4J 

O  ^  0)  «  u 

z  w  ..  >  u  Id 

4J  U  1-1  Ul  Ul  •• 

4.1  (Q  1-1  01  O  01 

1-1  £  C  u  Ck.  C  !■< 

O  O  0)  0)  O  3 

o.  0)  (US  (US  1-1  4-1 

0)  f-l  •  4J  0) 

o2  Ck.  U  Oi  OJ  3  -H 

a  c  kj  4.1  <-1  o 

o  «  o  <0  n)  z 

O'  crt  o  o  ca  o  R 


•xd  »-4 

«j  <r 

5 


^  * 

z  o  in 

^  r-  00 

-H 

g<  00  00 

goo 


c 

(0  (0 

4) 

t 

W  < 

4) 

« 

fH 

X  »-« 

T5 

O 

01 

bO 

O 

C 

C4 

kl 

> 

a  > 

fO 

<0 

•O 

o  ! 

a; 

ac 

C 

u  ' 

tH 

4/ 

4> 

4/ 

^  i 

a 

O 

4J 

> 

rH 

4> 

CJ 

O  1 

Vi 

•H  a^ 

a 

•H 

a 

u 

CQ  ^ 

Vi 

CJ 

Od 

cO 

•J 

u 

o 

u-t 

i.) 

,, 

•  • 

U 

CO 

XJ 

O 

4J 

CO 

o 

Oo 

d 

..  4) 

4) 

4; 

c  w 

•*-) 

O 

CJ 

rH 

4J  TJ 

U 

u 

<  < 

a* 

O' 

^  O' 
2  « 


'd  <=> 

V/ 


01  "O 

1-4  0» 

.O  4J  <0 

<a  0)  « 

O  r-l  4.1 
iH  3  w 
r-l  U  0> 
0.1-4  4J 
Q.  (0  V 
-COO 

4J  4.1  4J 

O  O  O 

z  s  z 


-o:  u  o 
z  z  z 


10 

4) 

o 

0) 

u 

f-4 

d 

4) 

d 

CO 

o 

H 

o 

(0 

CJ 

dO 

d 

c 

4) 

4J 

o 

o 

•H 

•H 

o« 

a 

•o 

JJ 

4J 

a 

CO 

4) 

bO 

•H 

CO 

(0 

(0 

Ut 

kl 

CO 

Oi 

4) 

4J 

XJ 

d 

c 

•o 

4> 

T 

a; 

a> 

a> 

4> 

u 

o 

(V.X 

,  ^ 

c 

e 

a 

•H 

x> 

o 

o 

a 

(0 

Oo 

cd 

o 

u 

cn 

Vi 

C/i 

tl 

« 

H 

1 

R 

C 

o 

CM 

0e£ 

oc: 

<! 

o 

u 

cn 

Vi 

c/i 

•a 

CO 

X 

•k 

p 

a; 

P4 

c/i 

4J 

P 

1 

o 

o*  • 

V 

dS 

4/  T? 

o 

c/i 

$.4  H) 

d 

CO 

x: 

4) 

(0  O 

u 

R 

•H  CQ 

4/ 

4J 

s 

4)  kJ 

tM 

cd 

U  CQ 

•H 

&4 

a 

iJ  -o 

P 

CO  c 

>% 

f-C  4) 

d 

k4 

o  bo 

4) 

<u 

a  4) 

O 

> 

l-i 

U 

o 

4) 

o 

a> 

Cu 

4) 

(M  4; 
M  C/i 

4/ 

Cd 

> 

4J 

•H 

d 

•  • 

iJ 

4) 

ui 

CQ 

O 

H 

rH 

U 

o 

4/ 

4) 

z 

dS 

Ql. 

O  00  ON 

O  00  00 

I  (  I 

CO  O  NO 
I  t-t  -H  CM 

£  I  I 


O  W)00  «  «<  . 
CO  B  O  O  Z  NO 


u 

••  ••  ••  o 

X  -O  T)  u 

r*  W  0)  U 

U  ••  >  4J  10 

u  «J  nh  U  Cm  •« 

«  tH  «  O  4) 

u  X  c  o  a.  c  u 
o  s  4>  OJ  O  3 

o.  0)  ei  ei  tj 

<U  f-i  •  4-)  M 

CO  Ou  a  0)  «  3  "H 

a  c  4J  4J  ^  o 

O  10  O  <0  (0  -H  £ 

O'  CO  CJ  p  o  o 


tJ  ^ 

<0  <f 

o 

ee 


•V  >  o 
C  0)  CO 

<0  0»  — C 

r-<  JS  ^  -O 

0)  bO  nH  O  C 
O  >  3  >  « 

•  0»  *  •“* 

in  ^  -4  o»  0) 

-»  U  »-t  O  o  > 

^  I— C  "H  0) 

pj  CO  ON  3  ,-1 

U  u  P  CO  CJ) 


9- «  « 
2  0  0 
,5  «  « 

TO  « 

?N  fM  m 
nO  r«. 


™  TO  TO 

^  o  o 

2  TO  TO 
•2  TO  TO 
WJ 
1-3 


• 

•  • 

0) 

4J 

o 

U 

0) 

o 

z 

e 

•  « 

4» 

a; 

4) 

c 

U 

•o 

p 

4J 

tJ 

o 

o 

*“4 

4J 

•o 

u 

'-5 

o 

< 

c 

a. 

4)  *0 
rM  a» 

•O  4J 
<0  (0  0) 
O  *J 
•H  3  O 
r-(  U  0) 
a«  vH 

^  to  4) 

c  a  Q 


o  o  o 
z  z  z 


coo 
z  z  z 


CO 

u 

U  4J 

rH  C 

3  4> 


o> 

4> 

o 

10  u 

•H 

3 

> 

0)  c 

0> 

O 

H 

P  o 

CO 

u 

x> 

c 

c 

0)  4J  w 

o 

o 

iH  I-I 

*J 

•H 

O.  9  -o 

x: 

4J 

U 

a  to  0) 

bO 

CO 

CO 

«o  a»  ts 

•H 

u 

u 

to  P  *C3 

4) 

*J 

<d 

> 

c 

c 

*t3  0) 

1 

4» 

4) 

41  r-C  4) 

O 

U 

;bd  O.^ 

hri 

c 

c 

•H  B 

•o 

o 

o 

Om  CO  0« 

u 

u 

C/d  CO  CO 

CO 

1 

« 

1  fl  1 

c 

O 

•—4 

CM 

06  pi  < 

o 

U 

CO  CO  CO 

•o 

CO 

4» 

o 

c 

o 

a; 

0) 

q; 

X 

u 

a 

CM 

0) 

CM 

u» 

CJ 

CO 

CM 

1 

o 

v> 

4^ 

+ 

rH 

u 

3 

o 

10 

u 

o 

Q> 

V4 

H 

X 

•k 

•o 

O 

Pi 

4; 

CO 

4mI 

|i4 

>«>' 

t  •< 

o 

CO 

a 

4) 

Od 

4; 

U 

CO 

u 

C 

CO 

4> 

CO 

Ui 

1 

•H 

Of 

CM 

o 

4) 

CM 

0^ 

U 

•»-( 

04 

00 

3 

P 

'w' 

o 

ij 

CO 

4J 

X 

CJ 

•H 

c 

u 

M 

o 

4) 

4; 

Oi 

B 

U 

> 

1 

o 

O' 

s>s 

4> 

CJ 

00 

34 

4) 

0^ 

M 

4; 

QUALITY  CONTROL  RESULTS  SUMMARY 
METALS 


oo  oo 

OO  00 

o  •  » 

rH  'O  rn  cn 

•H  ^  • 

Q  60  I  t  <e  o 

CO  E  oo  CT\  Z  OJ 


u 

•  •  •  •  •  •  o 

•  *  X  tJ  T) 

O  01  4>  O 

z  •«  >  ^  <0 

1-4  L.  tJU  ** 

<0  *H  o;  o  ^ 

t-  z  c  o  a  c  L. 

O  =3  0)  4)  O  3 

o.  4)  OS  oc  fH  jj 

4)  f-4  •  ^  V) 

OS  o,  o  «  4)  3 

e  c  4J  -u  iH  o 

O  (0  O  (0  (t)  Z 

O'  CO  o  o  o  a  •« 


TJ  *- 

(0  zr 

O 
flS 


£ 

T3  >  O 

c  n  (0 

(0  0)'^  • 

t-4  ^  ^  -v 

4)  00  O  C 

>  3  5»  m  nJ 

4»  I  <-l 

rH  —  4)  4) 

CJ  O  4J  > 

i-t  •—  4> 

CO  -w  CJ>  3 

C»J  OQ  *-  CO  O 


in  C7>  OO 
C7>  •- 


• 

•  • 

tn 

o 

tn 

o 

z 

c 

•  • 

a> 

4> 

c 

L. 

•o 

X) 

tH 

4^ 

*o 

o 

o 

4^ 

■o 

u 

•-> 

u 

< 

< 

a* 

4>  TJ 
■-«  4) 

JO  4J  -O 

m  10  4) 
O  .-I  •!-> 
■rH  3  O 
i-t  O  4> 
CkrH  43 

3.  (0  4) 

4  U  O 

43  4J  4> 

o  o  o 


4  0  0 


p 

p 

rH 

c 

• 

3 

4; 

9> 

a> 

O 

BO 

o 

>H 

c 

4> 

c 

CO 

o 

1- 

Z 

o 

(0 

u 

X> 

c 

c 

41 

P 

wr 

o 

o 

rH 

rH 

fH 

•H 

a 

3 

T5 

x: 

P 

p 

E 

0) 

41 

QO 

CO 

CO 

CD 

4) 

•o 

•r-C 

u 

t- 

cn 

Z 

a» 

p 

p 

< 

7 

c 

c 

•o 

4) 

1  1 

a> 

4) 

4> 

rH 

4> 

o 

O 

a  3: 

u 

c 

c 

•rH 

6 

•«H 

rO 

o 

o 

a 

CO 

o. 

u 

u 

CO 

CO 

CO 

CO 

M 

II 

M 

II 

II 

C 

o 

OJ 

z 

z 

u 

o 

CO 

CO 

CO 

x> 

cO 

a> 

4^ 

o 

c 

o 

a; 

r— 

CO 

a> 

X 

i  ^ 

a 

rg 

V 

CM 

V. 

L. 

O 

CD 

CVJ 

1 

o 

lO 

r- 

+ 

#H 

o 

3 

o 

(0 

o 

o 

o; 

Smii' 

u 

II 

X 

4<-N 

•o 

o 

z 

O’ 

CO 

rP 

z 

U 

1 

< 

o 

CO 

a 

0^ 

z 

a; 

o 

CO 

u 

c 

CO 

a> 

OO 

CO 

t. 

M 

oo 

•H 

0) 

cu 

Cm 

o 

0) 

Cm 

z 

X 

L. 

•H 

z 

o 

3 

o 

P 

z 

eo 

p 

>% 

1 

p 

c 

t. 

O 

a> 

4) 

E 

o 

> 

1 

u 

o 

oo 

4) 

o 

oo 

Ou 

4; 

Cm 

Z 

M 

4) 

> 

P 

t-C 

c 

•  • 

P 

4> 

U 

CO 

O 

H 

L. 

O 

4; 

4) 

z 

Z 

OL 

QUALITY  CONTROL  RESULTS  SUMMARY 
METALS 


^ooooooo^i^aN 


if)  <5*  ^  ^ 

^  cvj  <f  00  o  m 

^  O  O  ^  CM  ^ 

•  •  •  •  • 

o  o  o  o  o 


g  in  ^ 


00 

00  00 
u  \  I 

01  1-3  >0  vO 

AJ  CM  <N* 

«  M  I  1  C 

^5  ON  ^  z 


4J  CO  *H  4) 

t.  r  d  y 
o  d>  V 

Q,  y  cii 


w  d  y 
>  u  <0 
u 

<a  o 
y  o.  c 
V  V  o 
Cli  Cd  •H 


K  ex  y  y  y  3 
a  c  *J  u  <-H 

y  <0  o  y  (8  -H 
O'  05  CJ  P  Q  Q 


o> 

X.  o 

o 

^4 

c  •» 

00 

^4 

W  00 

00 

<0 

<r 

N-i' 

o 

fS  *• 

•t 

pe! 

CQ 

2  r-. 

00 

O 

A.  ^ 

00 

3 

o 

z 

0)  m 

vO 

o; 

•p* 

< 

TJ  <n 

CM 

x: 

S'®' 

O' 

> 

o 

tH 

o 

c 

CO 

« 

0) 

<y  00 

00 

(0 

0) 

V3  00 

00 

rH 

jd 

pH 

1— H 

c 

.  1 

1 

\r\ 

01 

bO  -H 

o 

c 

<0 

&• 

n£) 

O 

> 

> 

CO 

ro 

n  ^ 

00 

• 

o; 

Z 

pH 

c 

y  in 

sO 

m 

rH 

pH 

0) 

0) 

0) 

CM 

—■4 

u 

pH 

o 

iJ 

t> 

2  ®' 

CTN 

«— 4 

pH 

P—4 

•H 

0) 

o 

n  ° 

O 

to 

•H 

O' 

d 

pH 

O  00 

00 

d 

U3 

CO 

to 

O 

-O  QQ 

<d 

00 

pJ 

1h 

o 

*4-1 

U 

*• 

•  • 

•  • 

U 

• 

•• 

CO 

iH 

o 

o 

4J 

(0 

u 

Ou 

z 

c 

•  • 

0) 

0) 

0) 

d 

k4 

fn 

fki 

•H 

4J 

•c 

O 

o 

u 

*o 

u 

O 

u 

< 

< 

Of 

O' 

If— *^t— (  ®in 

Sooooo't^c) 

*****  /-s  I— »  * 

^oooooR^o 

^vs/vv/v'^qV 


ooooooo  oo 

oinmomom^oo 

inoOP-JCNJinoSmin 
OOOOOOO  oo 


OOOOOCJOOOU 


oirooooo  .oo 
Of^oooooHoo 

'— *  f—4  — ^  — H  ^  ^5  in 

oSooooo^-Jo 


9>  *o 

IH  9> 

.O  4J  -O 

<0  (0  a> 

O  f-l  4J 
1-1^0 
f-(  O  01 
O*  f-l  4-1 

Q.  cd  0) 
<  u  o 

4J  4J  4J 

o  o  o 
Z  2  Z 


o  o 
z  z  z 


o  o  o  o  o 
B  s/  V  vy  s/  V 


l/N  |/>  p— t 

w^00/-?00S/^0 


• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

w 

u 

bC 

w 

tu 

u 

U} 

u 

bJ 

w 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

0) 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

4J 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

CM 

CM 

CO 

CM 

CO 

CM 

m 

m 

uo 

CO 

3 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

O' 

O' 

C^ 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

\0 

sO 

nO 

vD 

vO 

nO 

vO 

'£> 

sD 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

OV 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

o 

o 

o 

o 

o 

O 

o 

O 

O 

O 

00 

00 

00 

00 

00 

OO 

00 

00 

CO 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

Cs 

O' 

vO 

vD 

NO 

s£> 

NO 

vO 

nO 

NO 

vC 

vO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CT' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O 

O 

o 

o 

O 

o 

o 

O 

O 

o 

00 

00 

00 

00 

00 

CO 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

OO 

00 

00 

e 

>> 

Z3 

B 

B 

c 

hH 

B 

3 

3 

o 

pH 

3 

•H 

1-i 

pH 

u 

•H 

e 

pH 

B 

0) 

0) 

0) 

pH 

•pi 

>s 

s 

O 

a  je 

> 

pH 

u 

TO 

4J 

Wi 

T3 

u 

o. 

CJ 

pH 

<Q 

c 

(Q 

c 

0) 

CO 

JC 

o 

•H 

•H 

•pH 

o; 

< 

CQ 

u 

u 

o 

z 

t/5 

H 

CM 

pJ 

*3 

0) 

/-N 

•o 

Q 

0) 

u 

pH 

4J 

CO 

ptf 

u 

4J 

Vp' 

o 

4J 

a. 

CO 

• 

• 

0) 

0) 

•o 

CJ 

tH 

0) 

0^ 

0) 

c 

> 

JC 

0^ 

CO 

•pH 

o 

u 

u 

•H 

4J 

CO 

<0 

01 

CO 

4J 

4J 

UH 

0^ 

u 

4J 

4J 

mh 

u 

Ui 

CO 

CO 

•pH 

3 

CO 

Q 

iJ 

z 

•o 

•d 

CO 

c 

c 

4H 

•H 

0) 

0) 

0) 

c 

o 

CO 

bO 

bO 

Oj 

B 

cd 

0) 

0) 

u 

u 

pj 

pj 

Wl 

0) 

0) 

0) 

0) 

CL4 

UH 

a> 

0) 

a> 

HA 

to 

t/2 

to 

0) 

> 

•pH 

•  • 

4J 

bO 

CO 

H 

c 

z 

CO 

pH 

O 

0) 

z 

0^ 

Percent  Recovery  (PR)  -  SSR  -  SR  x  100  SSR  -  Spiked  Sample  Result 

SA  SR  -  Sample  Result 

SA  -  Spike  Added  (Concentration) 


QUALITY  CONTROL  RESULTS  SUMMARY 
METALS 


00  o^ 
00  00 
I  I 

0)  iJ  'O 

^  CM  CM 

eg  bO  I  I 
S  B  O'  -H 


o  -H  0)  0)  u 

2;  V4  >  u  (0 

4J  U  -H  U 

(Q  V  O 

U  S  C  O  Q,  C 

O  S  W  0)  o 

o.  «»  pa  oi 

aj  fH  • 

£  a  u  0)  0)  3 

Q  C  4J  U  f-l 

o  eg  o  flJ  <g  -H 

O'  CO  o  p  o  o 


n 

rt  -S’ 
O 
Oi 


•o  >  o 

e  to  te 

to  V  r-t  « 

t-l  ^  r-(  'O 

0)  DO  1-1  o  C 


00  » 
m  00 
irt  oo 

CM  \o 
O'  P'1 
O  O' 

00  o 
00  00 
CO 
1  I 
vO  vO 
m  00 
m  vo 
CM  CM 
O'  O' 

”  o  o 
00  00 
^  00  00 

Z  00  -- 

«  vn  NO 

"  CM  CM 

S'  O'  O' 

goo 
™  00  00 
00  00 

fp'  CO  o 

~  CO  m 


41 

z 

0 

rH 

41 

4/ 

a; 

cQ 

u 

-4  0 

AJ 

> 

rH  "-A 

•H 

(V 

u 

Q 

CO 

f-4  0^ 

d 

r> 

(x3 

0Q  *-< 

CO 

a 

«0  ' 

0 

A-» 

•  • 

Vl 

(0 

aJ 

0 

AJ 

CO 

0 

a 

c 

•*  a> 

Of 

0) 

C  kj 

fn 

04 

•r4 

A-i  *0 

0 

A-»  T3 

M 

CJ 

u 

-41  < 

cu 

O' 

<c 

98 

105 

96 

CM 

CSJ 

CM 

00 

iTi 

CA 

0 

0 

0 

0 

0 

0 

0 

m 

m 

fo 

0 

0 

0 

0 

0 

• 

• 

• 

0 

0 

0 

V 

V 

0 

0 

0 

•'O* 

Mf 

0 

0 

0 

« 

• 

0 

0 

0 

0 

0 

0 

Z 

z 

z 

lA 

lA 

0 

0 

0 

0 

0 

• 

• 

« 

0 

0 

0 

V 

V 

m 

lA 

CO 

0 

0 

0 

0 

0 

• 

• 

• 

0 

0 

0 

V 

V 

0 

0 

0 

CM 

pH 

0 

0 

0 

0 

• 

• 

0 

0 

R 

V 

V 

V 

C'j 

CM 

C^J 

• 

• 

• 

\D 

0 

0 

CA 

CNJ 

CM 

CM 

00 

00 

00 

CO 

00 

oo 

1 

1 

1 

CM 

CM 

CM 

0 

1 

0 

1 

0 

1 

pH 

00 

oo 

00 

00 

1 

00 

00 

00 

\0 

in 

0 

\ 

CM 

•-H 

CM 

pH 

CM 

CM 

CM 

O' 

a> 

sO 

vP 

nP 

CM 

CM 

CM 

O' 

0 

0 

0 

00 

00 

00 

00 

CM 

CM 

CM 

a> 

O' 

sO 

NP 

Np 

CM 

CM 

CM 

O' 

O' 

0 

0 

0 

00 

00 

oo 

00 

00 

00 

B 

u 

3 

•H 

d 

c 

4) 

•0 

(0 

rt 

W 

4) 

<l> 

•< 

p 

CO 

0)  *0 
I-H  0) 

.o  "O 
CO  eg  V 

V  t-l  u 
i-(  3  O 
•H  <J  V 
Oi  rH  iJ 

-S-cSS 

U  iJ  u 

o  o  o 
z  z  z 


•4;  u  o 
z  z  z 


Ppreent  Recovery  (PR)  -  SSR  -  SR  x  100  SSR  -  Spiked  Sample  Result 

SA  SR  ■  Sample  Result 

SA  -  Spike  Added  (Concentration) 


QUALITY  CONTROL  RESULTS  SUMMARY 
METALS 


O  00  ON 

I  00  00 

u  II 

T  «  o  vo 

±  ^  Cvl  O 

>  5  a»  '  ' 

os  0  ON  JB 


w 

•«  ••  «•  o 

•  •X  *0  4J 
O  4)  OJ  O 

S!  U  ..  >  *J  flj 

U  IJ  Ui 

*J  m  -H  01  O 

i-i  £  e  u  o.  c 

O  S  0)  «  o 

O.  «  ei  0S  -r< 

et  r-t  •  4J 

(B  O.  u  0)  0)  d 

Q  e  4J  U  (H 

O  A  O  (0  <0  •H 

O'ta  o  o  o  o 


•o  >  o 

C  »  A 

<0  0)  rH  • 

f-l  X  <-l  tj 

A  bo  i-<  o  e 

>  3  >  ro  A 

A  SC 

r-t  ^  A  A 

O  rH  O  iJ  > 

1-^  ^  -H  A 

to  tH  O'  3  >-l 

W  (Q  --  to  O 


2  * 

^  00 

00 

A  in  vo 
rj  fM  CM 
&  ON  O' 

Boo 
,2  00  00 
to  00 
'  ' 
fN  rN  \C 

J;  o  00 

5  'O 

tl  CM  CM 
A  O'  O' 
«  o  o 

o  00  00 

•r  00  00 
<0 


•  ••  w 

o  ^  (0 

2  d  ••  4) 

V  C  u 
,0  •H  4J  *T3 

O  fH  4J  *0 

n  u  <  < 


A  TJ 
•H  A 
iO  u  >3 
AAA 
U  iH  iJ 
•H  3  y 

i-i  y  A 

Q,t-H  U 
Q.  A  A 

•c  u  o 


o  o  o 
s  z  z 


<1;  u  o 
ss  ss  s 


Percent  Recovery  (PR)  -  SSR  -  SR  x  100  SSR  =  Spiked  Sample  Result 

SA  SR  ■>  Sample  Result 

SA  “  Spike  Added  (Concentration) 


QUALITY  CONTROL  RESULTS  SUMMARY 
METALS 


Percent  Recovery  (PR)  =  SSR  -  SR  x  100  SSR  =  Spiked  Sample  Result 

SA  SR  =  Sample  Result 

SA  =  Spike  Added  (Concentration) 


QUALITY  CONTROL  RESULTS  SUMMARY 
METALS 


CO 

CO 

I 

VO 


o 

o 

I 

CO 


00  CO 
CO  CO 

a  I  t 

u:  VO  m  fv 

a-  1-1  \  cvj  • 

o  o  00  I  I  <  ^ 

M  CO  E  VO  00  sc 


•  • 

u 

i. 

41 

•  • 

•  • 

•  • 

0 

0. 

•  • 

X 

•D 

*T3 

4> 

3 

0 

iH 

4> 

41 

0 

CO 

2 

U 

•  • 

> 

4d 

CD 

4^ 

4^ 

14 

L. 

tu 

■  • 

>k 

4d 

CD 

14 

4> 

0 

4> 

U 

L. 

X 

c 

0 

a 

c 

1. 

0 

0 

4) 

41 

0 

3 

4> 

a 

4> 

CC 

cc 

l4 

4> 

CD 

4> 

• 

43 

CO 

k. 

2 

0. 

0 

4) 

4) 

3 

i4 

0 

E 

c 

4> 

4.) 

r4 

0 

CJ 

CD 

0 

CD 

CD 

•v4 

X 

CD 

or  to 

0 

0 

0 

Q  «4 

o> 


vO 

^  CM 


vO  ^0 
O  O 


•0 

f- 

CD 

sf 

1 

0 

St 

0  « 

0 

2 

CD 

2  ij- 

CM 

a 

Hi 

3 

0 

2 

V  ^ 

T“ 

0£ 

4; 

i4 

< 

7I 

vO 

4)  i4 

•r4 

x: 

ttvo 

0 

f-4  Ck 

•o 

> 

0 

1. 

m  0 

w  s 

00 

0.  CO 

c 

CO 

CD 

4) 

00 

E 

CD 

4) 

• 

CD 

rH 

£ 

r4 

■r— 

T3 

0 

^  1 

* 

CO 

4> 

tao  tH 

0 

C 

CD 

?'  vO 

00 

0 

> 

3 

> 

m 

(D 

JO 

0  ° 

• 

41 

X 

*H 

C 

ITS 

r4 

4> 

4) 

41 

in  *“ 

0 

1-4 

0 

4> 

> 

VO 

>%  CO 

r4 

*— 

t4 

41 

0 

0  00 

0 

k.  4; 

CO 

m4 

<7v 

3 

r4 

•H 

00 

0  4> 

CJ 

UJ 

CQ 

CO 

0 

2 

m  00 
CD 

CO 

4^  CD 
m 

o 

<M 


•  • 

•  • 

*  • 

1 

• 

•  • 

CO 

4> 

0  1 

4> 

0 

4J 

00 

0 

Q. 

4^ 

z 

c 

•  • 

4) 

4> 

V 

>> 

4) 

c 

k. 

ce 

r4 

jO 

40 

T3 

0 

(D 

0 

4^ 

•o 

U 

0 

C 

•-J 

U 

< 

«C 

2 

0 

< 

o 

o 

as 


oe 

Cu 


CO 


>% 

u 

o 

> 

o 

o 

o 

cc 

o 


a 

CO  < 
CO 
4) 

(Q 

O  O 
•<-1  a. 
M  oc 
a 

<v 

o 


C-> 


c 

m 

03 


•o 
ft  o 
<0  £ 
C  4J 
4  <0 

z: 


V  a. 
0) 

<Q  t> 

a  a. 


4)  fi 
<0 
(0  c 
o  < 


L- 

O  r-( 

j3  a 

TO  3 
J  Q 


(\J  0\  I 

o  o  1 


m  o 

o  <VJ 


:  fvi 


CM 


vO 

ir» 


eng- 


.  O  ViO 

w  o  (\J 

to  '■ 

®  ^ 


^  2  ^ 
V  V 


o  o  o 


o  o  o 
vO  vO  VO 


OO  00  oo 
oo  oo  oo 

I  I  I 
o  o  o 

CM  OJ  CVJ 
i  I  t 
sO  vO  VO 


CO  OO  OO 

oo  oo  oo 
t  I  I 
o  o  o 

7  T  7 

CO  oo  oo 


O  vO  \0 
o  o  o 


O  vO  vO 
o  o  o 
oo  oo  00 
oo  oo  00 


vO  vO  O 

o  o  o 


sO  vO  vO 

o  o  o 
00  00  oo 
CO  00  oo 


E 

o 

0)  f-H 
^  r-l  O 

O  (0  c 

*H  *H 

as  fi  M 


/o  4^  n 
CO  (Q  4) 
O  r-f  4^ 
•H  D  O 
r-<  O  4> 
CUrH 

a  CD  4> 

<  O  Q 

4>  4>  4^ 

o  o  o 

%  2  SB 
II  II  M 

<  O  O 


c 

o 

iH 

4:1 

CO 

u 

4.» 

c 


# 

3 

4) 

0) 

4) 

0 

0) 

0 

•H 

C 

4) 

C 

10 

0 

H 

2 

0 

CD 

CJ 

.0 

c 

C 

Q> 

43  ^ 

0 

0 

rH 

rH 

43 

i4 

f) 

a 

3  T3 

JO 

43 

■P 

E 

00  4> 

DO 

CD 

TO 

CD 

4> 

•r4 

k. 

U 

CO 

2  *3 

4) 

4^ 

■P 

< 

i  ^ 

C 

c 

•0 

4) 

!  1 

4; 

TO 

9> 

rH  4> 

1  >v 

0 

U 

2 

22 

'  k. 

c 

c 

•H 

E 

•0 

0 

0 

a 

CD  a 

0 

0 

to  w  to 

CD 

It 

It 

II 

II  M 

C 

0 

CM 

2 

2  < 

0 

0 

CO 

CO  CO 

•o 

CO 

1  ^ 

0 

,  c 

0 

1  00 

1  ^ 

X 

1  k. 

1  ^ 

CM 

4> 

CM 

k. 

C^ 

CD 

CM 

1 

U 

10 

4> 

+ 

r4 

C^ 

3 

0 

(0 

0 

0 

4> 

k. 

II 

X 

•> 

•0  • 

a 

2 

4;  -o 

2 

CO 

43  q; 

2 

x: 

1 

< 

0  0 

CO 

Ck  CD 

4> 

2 

4)  4> 

a 

CO 

U  4> 

c 

CO 

CD 

4> 

CO 

k. 

II 

•M  4> 

« 

> 

Cm 

r■^ 

4>  •H 

2 

k.  4^ 

•H 

2 

3  CD 

a 

Ip*' 

4>  1. 

GO  k. 

4> 

>» 

•H  CD 

c 

k. 

2  *= 

4; 

Q} 

E 

0 

> 

4> 

k. 

0 

%4  CO 

4) 

0 

CD 

2 

4) 

Cm  0 

2 

1-4 

4) 

41 

> 

43 

4) 

•H 

C 

••  CO 

43 

4) 

UJ 

CD 

0 

H  1 

r4 

k. 

0 

4> 

4) 

2  < 

2 

2 

CO 

o 

z: 

oo 

tl^ 

I 

o 

cr 


C\j 

o 

bd 

o 

M 

OO 

I 

< 

I 

00 

00 


QUALITY  CONTROL  RESULTS  SUMMARY 
METALS 


o  00 

I  oo 

:*  u  I 

I  «>  J  sr 

a:  -p  r- 

>  <0  oo<  I  < 

o  :»  D  as  cr.  z 


0)  TJ 
iH  « 

jO  4->  -o 
CD  CD  0> 
O  i-i 
•H  3  O 
•H  u  a> 

Q.  r-l  4^ 

o.  CD  a> 

<  O  Q 
4J  -P  44 

o  o  o 
z  z  z 


<00 
z  z  z 


••  X 

o  -p 
z  t.  •• 

44  44 
44  CD  •H 

I.  s:  c 
o  => 

Q.  4> 

0)  rH  • 

Kao 
E  C 
U  CD  O 

o  to  u 


L. 

•  •  ••  O 

•o  -D  44 

V  V  o 

>  44  CD 
•P  1.  liu 
a>  o 
o  a  c 
0)  o»  o 

K  K  -P 
44 

0  0  3 

44  44  iP 
CD  CD  -P 

a  o  Q 


r 

to  J 


TJ 

CD  4r 

o  sr 

K 


•P  £ 

TJ  >  O 
C  M  CD 

CO  o  .p  • 

•P  £  P  »-  TJ 

tr>  o  00  -p  o  c 

O  >  3  >  m  CD 

•  O  Z  P 

lf>  p  >-0  0 

—  O  P  O  44  > 

•-  P  «-  P  o 

dto  p  CT>  3  P 

UJ  CD  *-  oO  O 


• 

•  • 

CO 

P 

o 

CO 

o 

z 

c 

•  • 

a> 

c 

t- 

•r-) 

ja 

•fH 

■p 

-D 

o 

o 

iH 

p 

*o 

u 

O 

< 

< 

a. 

Q 

CO 

Ou 

s: 

flC 

1 

V 

a 

o 

CO 

c 

z: 

0) 

u 

It 

Chi 

4»-N 

Chi 

ft: 

1-4 

cu 

Q 

P 

>» 

C 

L. 

0) 

Q} 

o 

> 

L. 

O 

0) 

O 

Ox 

0) 

ft: 

0) 

> 

p 

c 

p 

«) 

(0 

o 

rH 

u 

a; 

4; 

QC 

cu 

Spike  Added  (Concentration) 


QUALITY  CONTROL  RESULTS  SUMMARY 
METALS 


QUALITY  CONTROL  RESULTS  SUMMARY 
METALS 


oo 

00 

I 

m 


o  oo 

o  eo  oo 

I  oo  I 

CO  O  I  o 

I  r-i  io  VO  •-  m 

ac  -H  I 

>  O  00  I  o  <  o 

eo  3  oo  SE  rvj 


••  X 

o 

z  u  •• 

■p  -p 
P  «0  -H 
k.  £  C 
O  3 
a  t) 

Cf  r-t  • 

OS  a  c; 
e  c 

^  ”S 


"V  -a 
>  -p 

•H  k. 

0)  o 
o  a 
«  « 
os  os 


O  CO 


V  0) 
•P  -p 
<0  <0 
o  a 


o 

■p 

u 

ra 

ii,  •• 

0) 

C  k. 
O  3 

f-l  4J 
4^  CO 
3  -H 
fH  O 
•rt  a: 
Q 


erv 


•o 

(Q 

O 

JT 

OC 

3 

O 

0) 

•rS 

f-l 

£ 

•o 

> 

o 

c 

n 

(0 

(0 

0) 

• 

rH 

£ 

r-l 

•o 

in 

ClO  •H 

o 

c 

o 

> 

3 

> 

CO 

• 

X 

r-< 

m 

a> 

0) 

O 

o 

4.> 

> 

fH 

r— 

0) 

CO 

ON 

D 

rH 

o 

U] 

OQ 

CO 

U 

£) 

o 


•  •  CO 

4J  CO 

c  « 

«>  C  k. 
•H  *>  XJ 
r-l  44  TJ 
O  <  < 


QUALITY  CONTROL  RESULTS  SUMMARY 
METALS 


Spike  Added  (Concentration) 


QUALITY  CONTROL  RESULTS  SUMMARY 
METALS 


CO 

oo 

1 

if» 

St 

(0 

O 

> 

o 

OO 

o 

1 

00 

t. 

9  t. 

1 

o. 

1  V 

Qi 

a. 

f" 

4* 

U  <D 

60  C 

t 

< 

M  » 

3 

Z 

o>  z 

L. 

O 

(0 

•H 

> 

•  • 

L. 

4) 

*  • 

•  • 

•  • 

O 

a 

••  X 

*o 

43 

3 

o 

a> 

O 

00 

z  u 

•  * 

> 

43 

(D 

■u 

•r-l 

L. 

Ui 

>» 

■p  m 

•H 

0) 

O 

L. 

t.  £ 

C 

o 

a 

c 

O 

o 

0) 

o 

43 

D.  V 

oe 

ce 

f-t 

<Q 

W  i-H 

• 

43 

u 

OS  a 

O 

4) 

4) 

3 

o 

e 

c 

4> 

43 

fH 

Xi 

O  (0 

a  tn 

5 

<Q 

O 

(Q 

O 

fH 

O 

a 

ci.Fvnon*;  i  Mo^poMno 


<Q 

bO 

UC 

00 

00 

> 

O 

u» 

1 

lA 

a 

o* 

•H 

O 

X 

1 

CO 

3 

t- 

i. 

o 

CO 

> 

t. 

V 

•  • 

•  • 

a 

X 

XJ 

3 

H-l 

o 

CO 

c 

•  * 

4-> 

i. 

>< 

CD 

•H 

o 

i- 

s: 

c 

a 

o 

4) 

4J 

0) 

os 

(0 

fW 

• 

L. 

a 

O 

0) 

o 

E 

c 

<0 

o 

<0 

n 

CO 

u 

Q 

>-< 

ea 


CO 


m 

a 

o 

X 

H 

U 


<y> 


ifi 


•o 

r“ 

<0 

ST 

o 

cc 

CD 

O 

3 

O 

z 

a> 

< 

•H 

£ 

•o 

> 

o 

u 

c 

CO  (Q 

(0 

4>  fH 

•l 

fH 

£  rH 

•— 

•o 

o 

00  *H 

O 

c 

(0 

> 

3  > 

m 

(Q 

Xi 

4> 

X 

c 

41 

41 

a; 

O 

♦H  O 

> 

r-»  «— 

•H 

4) 

o 

CO 

«H  0> 

3 

iH 

•r4 

UJ 

CQ  ^ 

CO 

u 

•  • 

•  • 

(0 

43 

o 

CO 

O 

z 

c 

•  • 

4) 

4» 

4) 

c 

1. 

x> 

•H 

4^ 

•o 

o 

o 

rH 

•D 

U 

O 

< 

< 

CL 

88-A1-RICK0088  1  Mn.cnMn? 


HETHOO  BUNK  SUMMARY 


o  I 

4 

oo  ^ 

OO  Q  taO  I 
t-  to  3  OO 


OX  X> 

2  •«H  01 

U  •• 

1.  *i  *i  U 
0>  <0  tH  O 
T)  £  c  a 
i;  3  0) 
O  0)  ec 

IH  • 

^  a  u  0) 

t.  E  C  *i 

o  <5  o  m 
:s  <0  u  o 


•o 

(0 

O 

oa 

CO 

o 

% 

o 

z 

4; 

IS 

< 

•r4 

x: 

-o 

> 

o 

c 

(0 

<0 

4> 

<0 

4> 

* 

£ 

XJ 

o 

eo  ■•H 

o 

c 

45 

> 

3 

> 

ro 

45 

X> 

X 

rH 

C 

IT* 

r*“ 

4) 

4) 

4> 

o 

l-t 

o 

>- 

rH 

s-4 

4> 

O 

CO 

•r^ 

o 

D 

rS 

•fS 

U 

U4 

CQ 

CO 

O 

..  « 

*i  n 

c  ••  0) 
0)  c  t. 
■w  jJ  -o 

<-l  -iJ  x> 

o  «<  < 


-RICK0H7  T  MB-FRMO? 


METHOD  BLAMK  SUMMARY 


u  r' 

«  hJ  o 

ro 

4J  'V.  1 

O 

« 

rz  a  o 

• 

•  •  •• 

o 

X  xt 

z 

•W  0) 

1.1 

(J  ••  w 
W  U 

9> 

(0  •H  O 

T? 

SCO. 

P 

O  01 

O 

V  pi 

M  • 

(X  u  u 

U 

0  C  *J 

o 

<0  O  (Q 

CO  u  o 

<0 

<9* 

O 

<r 

02 

03 

O 

o 

z 

•H 

•H 

x: 

"O 

> 

o 

Wi 

<2 

(0 

<T5 

0/ 

A 

x: 

T9 

u 

m 

bo  •H 

o 

C 

o 

> 

a 

> 

fO 

«0 

X3 

• 

X 

r-« 

c 

QJ 

0^ 

Of 

^■4 

u 

o 

ij 

> 

^■4 

••.4 

•H 

<u 

u 

►J 

VI 

o^ 

3 

r-l 

•H 

o 

U3 

CQ 

•-4 

Vi 

U 

02 

••  ••  yj 

O  >->  V) 

Z  C  ••  4) 

01  C  lx 

j3  T*  u  -a 

O  .-H  JJ  tJ 

-1  o  <  < 


89-RICK087A  1  MB-FRM02 


METHOD  BLANK  SUMMARY 


00 
oo 
O  I 

r-t 

O  -s. 

oo  Q  tio  I 

to  3  OO 


OK  TJ 

z  -H  a> 

t.  ••  4J 
t.  *3 

V  (0  •H  o 
-o  z  c  a 

ir  =>  « 
O  V  z 


in  oo 
o  «“  in 

in  in  in 

^  ^  ^ 

Sr 

c:>  <3  o 

oo  oo  od 


vO  ro 
o  r^, 


o  o\  oi 

00  oo  1  oo 

00  00  ’  oo* 


O.  U  01 
E  C  ^ 
m  Q  ra 

to  o  o 


•o 

m 

:3- 

o 

os 

CO 

o 

O 

z 

4> 

tH 

< 

iH 

x: 

-o 

> 

o 

u 

c 

0) 

(Q 

01 

(0 

0) 

fH 

• 

JC 

rH 

»*• 

T5 

o 

a> 

^  -oH 

o 

C 

(0 

> 

3 

> 

ro 

(0 

a> 

X 

rH 

c 

r“ 

o; 

O 

pH 

o 

> 

•H 

fH 

a> 

a 

kJ 

CO 

fH 

ON 

3 

•iH 

u 

UJ 

CO 

f— 

CO 

C-> 

cc 

•  • 

•  • 

CO 

4^ 

o 

o 

(0 

a 

M 

z 

c 

•  • 

o; 

0) 

vO 

vO 

OJ 

0> 

c 

•o 

a> 

e^ 

r— 

Xi 

tH 

•o 

O 

rH 

m 

ro 

rr 

O 

rH 

4J 

•o 

u 

*fH 

m 

tn 

CJ 

< 

< 

a. 

Ui 

ua 

ill 

ua 

-RICK0119  1  MB-FRM02 


m 


u 


o 


00 
oo 
00  I 
u  o 

V.  »- 
00  I 
O  00 


X  •o 

•H  0) 

u  ^ 

•P  4^  S. 

(0  P  o 
z  c  a 

S  0) 

a>  oc 

pH  • 

O.  O  0) 

e  c  p 
(0  O  (Q 
CO  U  O 


*0 

»— 

fO 

o 

OS 

CO 

o 

5 

O 

z 

*p| 

< 

•»-» 

x: 

•D 

> 

o 

1- 

C 

(0  (0 

0) 

(Q 

a>  pH 

• 

rH 

z  ^ 

•o 

o 

0) 

00  *<-4 

O 

c 

(0 

> 

3  > 

m 

<0 

p 

0) 

X 

pH 

c 

rH 

♦“ 

0) 

a> 

a; 

o 

rH  O 

p 

> 

pH  *“ 

•p4 

o 

CO 

P  C7N 

3 

•fH 

tu 

CQ  ^ 

CO 

C-> 

OS 

•  •  93 

P  (0 

C  ••  4> 

a>  c  i. 

•H  P  T3 
•H  P  -O 
O  <tf  < 


p 

o 

0) 

'O 

o 

u 

o. 


CO 

oo 

> 

o 

00 

k. 

i. 

1 

CO 

a 

Q, 

<VJ 

10 

«0 

1 

3B 

3 

ON 

L. 

O 

fO 

•H 

> 

u 

4) 

•  • 

•  • 

Qi 

>< 

•o 

3 

CO 

L. 

•  • 

43 

u 

>% 

CO 

•<-4 

o 

k. 

z 

c 

a 

o 

o 

0) 

00 

CO 

r-l 

• 

k. 

a 

o 

0) 

o 

B 

c 

x> 

CO 

o 

CO 

CO 

to 

o 

o 

ON 


•o 

(0 

o 

X 

ffl 

o 

3 

o 

z 

4) 

«r-l 

c 

•H 

x: 

■o 

> 

o 

k. 

c 

« 

<0 

4> 

<0 

m 

x: 

r4 

•o 

O 

ITN 

0) 

00  >«-t 

o 

c 

CO 

o 

> 

3 

> 

m 

(0 

• 

4> 

X 

c 

ir> 

r-4 

4) 

0^ 

4> 

o 

o 

43 

> 

3C 

fH 

r— 

4) 

O 

CO 

cr» 

D 

•r4 

o 

u 

ffi 

CO 

O 

ce 

•  • 

•  • 

CO 

43 

o 

43 

CO 

o 

z 

c 

•  « 

4; 

4; 

4> 

c 

k. 

£ 

•H 

43 

•o 

O 

o 

43 

•o 

k. 

o 

< 

< 

a. 

METHOD  BLANK  SUMMARY 


o> 


TJ 

CO 

O 

0^ 

00 

o 

5 

o 

ss 

o; 

c 

•H 

•o 

> 

o 

u 

c 

CA 

CO 

0) 

CO 

0) 

«k 

•C 

<J 

lA 

bO  •H 

o 

c 

CO 

O 

> 

3 

> 

ro 

m 

• 

0) 

X 

i-t 

c 

0) 

0) 

u 

o 

4J 

> 

•H 

a> 

CJ 

CO 

•H 

o> 

zi 

•H 

u 

u 

00 

CO 

u 

•« 

•  • 

to 

u 

o 

AJ 

CO 

o 

21 

c 

•  • 

0) 

a> 

V 

c 

Ui 

u 

•o 

0 

O 

fM 

u 

•o 

u 

u 

< 

cu 

89-RICK0866  1  MB-FRM02 


METHOD  BLANK  SUMMARY 


89-RICK0875  1  m-FRM02 


>4 

ee 

< 

X 

X 

=» 

V) 


m 

a 

o 

X 

»- 

w 

X 


CO 
CO 
a  I 
ui  ON 
♦- 
to  I 

3  ON 


K  T5 

^  «) 

U  ••  4^ 
4P  4P  L. 

CO  1-1  o 

X  c  a 

=D  0) 
4»  OC 

• 

a  o  0) 

E  c  4|^ 

(0  O  <0 
CO  u  o 


TJ 

(0 

O 

OS 

X 

o 

» 

o 

z 

0) 

1-4 

x: 

•o 

> 

o 

L. 

c 

(0 

(0 

0) 

<0 

o 

• 

rH 

x: 

rM 

•— 

•o 

o 

IfN 

0) 

to 

o 

c 

(0 

O 

> 

3 

> 

m 

(0 

x> 

• 

0) 

X 

rH 

c 

m 

*— 

o; 

0» 

0> 

o 

O 

> 

JbC 

0) 

o 

CO 

O' 

3 

rH 

•r4 

u 

UJ 

ffi 

CO 

o 

JO 

o 


V3 
(0 
o 

C  L. 

*■>  *o 

T> 

o  <  < 


.1^ 

c 

a» 


4p 

o 

01 

•»-) 

o 

o. 


if\ 

lA 

00 

ON 

o 

lA 

:3* 

lA 

lA 

lA 

• 

T— 

0}  CO 

t- 

>  o 

o 

o 

O 

O 

•H  z 

GO 

CO 

OO 

OO 

CO 

00 

oo 

oo 

oo 

3  V 

1 

1 

1 

1 

rH 

ST 

vO 

ro 

VO 

u  a 

ON 

o 

lA 

C  E 

ST 

m 

tA 

lA 

M  CO 

r— 

r-* 

to 

t*- 

o 

o 

O 

o 

CO 

oo 

oo 

oo 

oo 

oo 

00 

00 

-J 

o 

1 

1 

1 

1 

OC 

o 

o 

c 

1 

1 

o 

* 

o 

c 

s 

o 

c 

?:§ 

-o 

*0 

•o 

•o 

C 

c 

c 

c 

c 

3  1- 

n 

3 

D 

D 

S  o 

o 

o 

o 

o 

lJU 

Lu 

bu 

tJU 

O  y 

o 

a> 

4) 

O) 

H 

c 

c 

c 

c 

o 

o 

o 

o 

• 

z 

z 

z 

z 

CO 

X 

L. 

CAS 

utnbe 

1 

1 

■ 

1 

z 

1  o 

3  M 

•o  0) 

•o  0? 

i. 

0)  CO 

4U 

X  (0 

X  CD 

tn  c 

•H  £ 

o 

•H  jC 

c  3J 

M  e 

X  a. 

X  <u 

c 

o 

•H 

4|J 

X 

X 

X 

X 

O 

u 

C3 

u 

u 

<0 

o 

o 

o 

o 

i. 

(Li 

•o 

0) 

O’  N 

oo 

oo 

oo 

oo 

4J  >, 

oo 

oo 

oo 

CO 

(0  rH 

O  (0 

1 

1 

ON 

C7N 

c 

m 

< 

oo 

oo 

oo 

oo 

< 

•a: 

< 

Q 

o 

o 

CO 

M 

m 

VO 

nj 

vO 

1 

c 

<: 

o; 

GO 

vO 

00 

rH 

m 

r— 

r- 

•H 

oo 

00 

OO 

CO 

HHl 

< 

«< 

■< 

<c 

CO 

o 

u. 

I 

OQ 


o 

o 


CO 

00 


-RICK0323  1  MB-FRM02 


METHOD  BLANK  SUMMARY 


I 

I 

I 


00  5 

o 

u  iri  ^ 

^ ^  I 

«  bO—  ^ 

S3-  u 

o 

(0 


00 

ro 

m 

•  CM 

0^  0)  a^ 

>  o  o 

•HZ  00 

(0  00 

d  0)  I 

^  c^ 

o  a.  n 

c  a 

M  CO  CM 

(fi  ON 

O 
00 
00 


u 

••  ••  Oa 

X  T)  3 

—  V  (O 

U  ••  4J 

4J  U  U  >> 

rt  O 

SCO.  o 

Co  V  io 

W  00  CO 

—  •  >4 

O.  O  V  o 

a  B  40  .40 

^8^  5 


1  o 

3  M 

•o 

V4 

4) 

4J  4J 

X 

cn  E 

•H 

c  ^ 

23 

M  Q 

"O  >  o 
c  <0  <0 

<0  V  I-I  • 
—  JS  t-(  —  tj 

IT)  04  bO  —  o  B 

O  >  3  >  c»N  CO 

•  01  33 

cn  —  —  04  04 

-4  U  —  O  4J  > 

—  —  —  "H  04 

,J  c/3  —  O'  3  >-4 

U  U1  PQ  —  CO  U 


■  •  ••  0) 

O  4J  CO 

Z  B  •>  04 

04  B  l-> 
.O  —  4J  t3 

O  —  4J  TJ 

->  O  C  ■< 


T3 

0^ 

oo 

0)  N 

oo 

A4  >, 

1 

fl3  ^ 

P*H 

Q  CO 

4§ 

1 

o 

O 

|4 

a< 


88-A1-RICK0606  1  MB-FRM02 


00 

00 

I 

U  NO 

^  v-H 

w  I 

^  W)^ 

£k  9  -< 


X  tJ 

■H  V 

W  ••  4J 
4J  iJ  t-l 
^  «f-4  O 
SCO. 

D  0) 
0)  pd 

•H  • 

D«  o  o; 
0  e  tj 
(0  o  <0 
CO  u  o 


«c  <■ 

O 


•o  >  o 
6  (0  (0 
(0  0)  f-<  •• 

iH  X  *tJ 


tn 

0) 

bO 

•H 

o 

c 

05 

O 

> 

3 

> 

r> 

(0 

Xi 

• 

X 

e 

TJ 

m 

0) 

05 

05 

0) 

CJ 

fH 

o 

4J 

> 

N 

•tM 

0) 

O 

iJ 

>» 

CO 

ON 

•*H 

CO 

o 

ti3 

CQ 

CO 

o 

£ 

n 

CO 

••  •«  0) 

O  4-^  CD 

z  e  ••  cj 

V  c  u 

JO  •H  4J 

O  f-H  4-»  "O 

*-)  CJ  C  C 


RR-A  1 -RTCKOftl  fi  1  MB-FRM02 


METHOD  BLANK  SUMMARY 


CO 

00 

I 

U 

a>  .j  ^ 

4J  ^  I 

«  bo^ 
5r  3 


y 

•3 

3 

•H 

4) 

c/) 

U  •• 
■U  U 

iJ 

l-l 

>s 

o 

U 

£ 

a* 

O 

S 

0) 

AJ 

V 

oe: 

3 

•-t  • 

o.  u 

4) 

kJ 

O 

a  c 

iJ 

•0  o 
w>  u 

(0 

Q 

JS 

CO 

<r 

o 

CO 

o 

IS 

o 

4> 

•f-4 

JZ 

•3 

> 

o 

id 

3 

0) 

CO 

4> 

<d 

<u 

•k 

-acl 

x: 

fH 

•3 

o 

»n 

4; 

bO  •H 

o 

c 

CO 

o 

> 

3 

> 

<0 

• 

4> 

X 

rH 

c 

m 

4> 

0) 

0) 

O 

o 

iJ 

> 

tH 

4» 

o 

t-3 

w 

••-I 

o> 

3 

fH 

•H 

c 

to 

V3 

u 

•  • 

•• 

CO 

U 

o 

4J 

CO 

o 

z 

c 

•  • 

4^ 

3 

4) 

c 

W4 

X) 

•H 

4J 

•3 

O 

o 

u 

•3 

Ui 

u 

< 

< 

pu 

f»  fk 

fN.  sO 

00 
xO  vO 

• 

r4  <M 

3  CO 

>  o 

•H  Z 
(0 

3  3 
^  fH 

^  ^ 
o  o  SJ 

<n  «>  S 

00  00  S 

“  “o 

U  Q, 

c  a 

3  rj  S 

M  <0 

C/) 

cv4 

cv  a\ 
o  o 

00  00 

00  00 

•J 

s 

a 

o 

c 

o 

u 

yH. 

C 

s 

O 

c 

*3 

M  c 
^  == 

3  u 

g.o 

3 

JJ 

o 

3 

■U 

3 

•3 

3 

3 

« 

o 

>-j 

Z 

cn 

* 

s*/ 

Vj 

CAS 

Nunbe 

' 

1  Q 

3  M 

•3 

u 

3 

4J  4J 

X 

CO  C 

•H 

C  V 

s 

M  6 

d 

O 

•H 

4J 

Ol, 

CJ 

u 

3 

o 

U 

lu 

*3 

3 

00 

3  M 

AJ 

00 

1 

3  iH 

CN 

O  3 

o 

Q 

M 

s 

3 

rH 

o 

•H 

U4 

e 

88-A1-RICK0605  1  MB-FRM02 


METHOD  BLANK  SUMMARY 


I 


T3 

nj 

o 


sj- 


0^ 

GQ 

O 

» 

o 

0) 

1-1 

•H 

> 

c 

c 

«  <T5 

0^ 

«0 

0)  r-f 

* 

X  »-• 

•d 

o 

tA 

(U 

bO  -H 

O 

c 

d 

O 

> 

d  > 

ro 

d 

J3 

• 

0) 

w 

rH 

c 

m 

•-H 

0) 

(1) 

0^ 

u 

^  o 

iJ 

> 

•H 

Q> 

u 

►J 

to 

Ox 

d 

•H 

o 

U3 

PQ  ^ 

CO 

CJ 

0:2 

•• 

•  • 

V) 

4J 

o 

AJ 

0) 

U 

z 

c 

•  • 

0) 

0) 

0) 

c 

u 

J3 

•H 

AJ 

•d 

o 

o 

AJ 

u 

•-) 

u 

< 

< 

04 

• 

a>  <0 
>  o 

•H  2: 

0) 

d  oi 

— I  r? 

in 

00  O'  2 
«M  g 

O  O  2 
^ 

00  00  " 

00  00  Y 

^  rH 

O  O. 

o  o  g 

fi.  lA  ^ 

c  e 

M  <0 

to 

00  O'  ^ 
f'J  <M  g 

O  O  2 

«  ®  s 

00  00  ” 

ij 

U 

U 

c 

o 

u 

c 

s 

o 

c 

a! 

•d 

c  ^ 

AJ 

3  t-c 

S.O 

O 

0^ 

AJ 

O  y 

^  H 

0) 

•d 

o 

c 

«k 

o 

►J 

z 

CO 

X. 

u 

CAS 

mbe 

1 

1  Q 

d  M 

Vj 

Inst 

ment 

§ 

c 

o 

AJ 

Oj 

u 

tj 

d 

o 

u 

'd 

0) 

00 

0^  N 
^  >> 

00 

r 

(0  f— < 

Q  « 

CN 

1 

O 

•“1 

< 

o 

CN 

M 

<N 

c 

0) 

vD 

CM 

iH 

c 

Ui 

CO 

88-A1-RICK0610  1  MB-FRM02 


METHOD  BLANK  SUMMARY 


CO 

00 

L.  I 
^  VO 

4->  r- 

io  bO  I 
3t  3  0^ 


K  'D 

^  01 

U  ••  O 
4J  ^  U 

m  'H  o 
s:  c  o. 
0) 

0)  cc 

rS  • 

a  o  4) 

5  c  <0 
(D  O  <0 
CO  u  o 


^  \ 

4)  s) 

I 

1 3 


ce 

CD 

o 

:» 

O 

0^ 

•H 

< 

•H 

XI 

> 

o 

V. 

c 

w 

(Q 

0; 

<0 

V 

pH 

• 

fH 

x: 

rH 

•o 

o 

ir» 

0) 

o 

c 

(Q 

o 

> 

3 

> 

ro 

(Q 

O 

• 

a> 

X 

pH 

C 

tn 

rM 

<u 

o 

rH 

o 

> 

r~ 

i-H 

•H 

a> 

o 

CO 

•W 

Ov 

3 

*H 

•H 

u 

UI 

CD 

CO 

u 

cc 

•  • 

o 

*  • 

tn 

(0 

1 

o 

a 

►H 

z 

c 

•  « 

0) 

c 

L. 

<D 

jQ 

♦H 

o 

*3 

O 

*-H 

o 

rH 

•rj 

•*H 

■-1 

O 

< 

a. 

Cl^ 

-RICK033'4  1  MB-FRM02 


METHOD  BLANK  SUMMARY 


ON 


•o 

<0 

o 

<r 

oe: 

fO 

o 

o 

0) 

iH 

< 

•H 

-T3 

> 

o 

u 

C 

U) 

(0 

0) 

w 

0) 

X 

T3 

u 

%rs 

bO  •H 

o 

C 

<0 

O 

> 

3 

> 

fO 

fd 

• 

Q> 

BC 

rH 

c 

ir\ 

o; 

0) 

0) 

u 

o 

4J 

> 

p>4 

1-1 

<u 

o 

d 

cn 

ox 

:3 

1-I 

w 

to 

i/> 

o 

•  • 

•  • 

Vi 

u 

o 

0) 

u 

2 

c 

•  • 

(V 

<D 

0) 

c 

u 

•*n 

•H 

u 

O 

o 

rH 

u 

•o 

u 

•n 

u 

< 

<C 

Cl* 

Inclusive 

Sample  Nos. 

88102956,  88102958 
88102959 

88102957 

CRDL 

o 

1  tn  o 

pH 

o 

K 

c 

in  O 

o 

o 

^>-s 

c 

» 

o 

0) 

•o 

c 

T3  ^ 

C  ^ 

0) 

4J 

<0 

•C 

o 

4J  Q> 

o  H 

o 

V  c 

o.  ° 

u 

S  o 

e  - . 

O  4^ 

o 

t-)  4) 

o  £:! 

O  U 

^  H 

0) 

rH  < 

c 

j: 

o 

u 

i-J 

z 

C/3 

o 

K 

W 

u 

«M  ^ 

1  1 

O'  <t 

^  e 

u  2 

1 

O  \C> 

1  1 

5 

in  ri 

ri  vD 

1  Q 

s  ^ 

4J  -U 

pH 

U  c 

C  4i 

M  a 

c 

O 

4J 

<d 

< 

O 

o 

o 

flj 

> 

> 

u 

u* 

a» 

00 

00 

0)  N 

00 

CO 

^  >1 

1 

<0  fH 

00 

cr\ 

O  <0 

pH 

o 

o 

pH 

o 

M 

m 

<\) 

00 

O 

pH 

o 

pH 

•H 

o 

o 

< 

< 

R<}-RTCK0889  1  MB-FRM02 


METHOD  BLANK  SUMMARY 


00 

oo 

I 

o  00 

7 

Q  too 
CO  3  ^ 


X  •o 

««-4  4) 

U  ••  4^ 
4^  4> 

CO  o 

sea 

O  0) 
a>  os 

r-l  • 
0.0  0) 
E  C  4> 
(0  Q  CO 
CO  O  Q 


TJ 

r- 

CQ 

O 

OS 

a 

» 

o 

z 

4) 

< 

X 

•o 

> 

o 

u 

c 

fiO  (0 

4> 

<0 

4)  fH 

• 

•-< 

r“ 

-o 

O 

to  -H 

o 

c 

<0 

o 

> 

3  > 

m 

(0 

• 

4) 

X 

c 

m 

4) 

41 

4) 

O 

iH  O 

4> 

> 

f— «  ^ 

4> 

O 

-j 

CO 

•H  cy> 

3 

p-4 

fH 

UJ 

cn 

CO 

O 

oc 

•  •  0) 

4>  to 

C  ••  0) 
0)  C  k. 
•r4  4^  TJ 
i-f  4J  TJ 
U  <  < 


88-A1-RICK0555  1  MB-FRM02 


> 

u 


•  ■ 

0) 

• 

•  * 

•• 

a 

o 

X 

3 

•H 

CO 

u  «• 

4-i 

u 

u  u 

u 

Ss 

<0  -H 

o 

V4 

*o 

s  c 

(X 

o 

u 

o 

(0 

^  • 

w 

cu  u 

0/ 

o 

l-l 

B  C 

4J 

(0  O 
C/9  CJ 

JS 

to 

<■ 

o 

ttl 

PO 

o 

o 

z 

<v 

t4 

c 

•H 

> 

o 

lu 

c 

0)  fO 

0/ 

<0 

V  f-H 

*> 

X  r-l 

(J 

m 

0) 

00  -H 

o 

c 

CO 

o 

> 

D  > 

r-> 

(0 

43 

• 

Q> 

SC 

rH 

c 

rH 

0/ 

0) 

a; 

a 

-t  o 

ij 

> 

4!d 

I-H  ^ 

•H 

0) 

O 

i-4 

CO 

•H  O 

3 

•H 

o 

4} 

OQ 

CO 

•  • 

•  • 

U) 

4J 

o 

0) 

o 

z 

c 

•  • 

<u 

0/ 

c 

u 

•o 

•H 

4J 

*0 

o 

o 

rH 

u 

*o 

CJ 

< 

< 

cx 

89-RICK0783  1  MB-FRM02 


METHOD  BLANK  SUMMARY 


88-A1-RICK0326  1  MB-FRM02 


- 


^  I  ^ 


ssasHu 

HBBBBaaiBllil 


-^9^/1/!  Z' 


s^ii 


BBEEBBaMMB 

—mm 

w 


ftl 

vS 

z 

i  i. 


11411 


3  9  ^ 

^  ^  Va  £ 

?  3  ~  -j. 
a  0. 

5  -> 


\n  ^ 
<s  -cs, 
(  ( 

■i  wi 

'/5 

/  I 


I9l0t  VILLAVIEW  ROAO.  SUITE  301.  CL£V£LAND.  OHIO  44110  •  7 10/400-0006 


Distribution  Original  Accompanies  Shipment.  Copy  returned  with  Report. 


1910 1  VILLAVIEW  HOAO.  SUITE  301.  CLEVELAND.  OHIO  44  1 19  •216/496-9006 


19101  VlUAVieW  ROAO.  SUITS  301.  CLeVBLAND.  OHIO  44119  •  2 1 6/4B6-900S 


Oisiribution  OriQinal  Accompanre/^ipment.  Cbpv  rpturnpd  wtth  RpJ6rt. 


leioi  viLLAvitw  nOAO.  suue  loi.  clevcland.  oiiio*4i  io  •  2io/4uo  ouui 


■5.4 

'  '5. 


^  UJ 

c> 

o 


I  0 


rx  LC  c 

j  ■”  ^ 

S«: 

-^'  X 


^  _  LU 


O^  J 


5: 

J!^ 

CO 
•io: 
d  u.  Ziu 

9  o  oz 
2  05 


Z  ! 
UJ  I 


z 

0 

:^l 

!vr^: 

w 

0 

0 

1 

1^ 

1 

«j 

z 

3 

0 

i 

w 

1 

1 

^  I 


<J  < 


r()  cG  r6 


HHHHH 

imr 


Distribution  Oriqinal  Accombanies  Shioment.  Copy  returned  with  Report. 


Disfribulion  Original  Accompanies  Shipment.  Copy  returned  with  Report. 


